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ABSTRACT 
The subterranean termite Heterotermes indicola (Wasmann) is one of the most 
economically important and destructive pest species in Pakistan It’s hard to control 
with conventional termiticides because of its cryptic foraging behavior and biology. 
Laboratory studies were conducted to characterize non-repellent insecticides and insect 
growth regulators i.e. fipronil, indoxacarb, chlorfenapyr, imidacloprid, hexaflumuron 
and lufenuron respectively. These products were used with various concentrations to 
determine their effects on dose response relationship, deterrence, horizontal transfer, 
foraging and trail following behaviour of H. indicola. All these factors investigated 
were found to be highly dose-dependent. In the dose response study fipronil rapidly 
killed 100% termites within 2 - 3 days at > 10 ppm, however doses of 1 and 5 ppm 
showed relatively delayed toxicity with 100% mortality achieved within 8 and 12 days 
respectively. Fipronil was non-deterrent to termite’s feeding at 1 – 20 ppm whereas at > 
20 ppm it became deterrent but termites did not completely avoid the feeding thus 
leading to higher mortality. In transfer studies all the concentrations > 1 ppm were able 
to inflict > 50% recipient’s mortality.  However, the faster rate of the donor’s kills at 5 - 
20 ppm showed that fipronil was not a typical slow-acting toxicant and transfer 
occurred via contact and cannibalism. Foraging study showed that sand soaked with > 1 
ppm of fipronil could create effective barrier against termite workers. Fipronil at < 0.5 
ppm did not affect the trail following ability with 70-90% termites successfully 
completed the trail. Indoxacarb showed potential to be used as slow acting toxicant in 
the dose response study and concnetrations of 10 - 20 ppm caused > 80% mortality in 3 
weeks time. ELT90 was 25.3 and 27.4 days for 10 and 20 ppm respectively. It was also 
determined that non-deterrent to feeding was at effective concentrations of 70 - 100 
ppm and caused > 90% recipient’s mortality when they were released together. It was 
determined that when donors were exposed to >70 ppm significant transfer of 
indoxacarb occurred. Foraging was greatly reduced in > 5 ppm of indoxacarb treated 
sand but mortality remained < 50% whereas in 50 ppm treated sand 100% mortality 
was recorded. Indoxacarb at < 20 ppm did not affect trail following. In the dose 
response study chlorfenapyr at more than 1 ppm resulted in 100% mortality of exposed 
termites within 2-3 days whereas at 1 ppm 100% mortality was achieved in 10 days 
whereas ELT50 and ELT90 recorded were 2.7 and 8.6 days respectively. Highest non-
deterrent dose of chlorfenapyr was 50 ppm but mortality recorded at this dose remained 
< 25%, showing it was not appropriate for use as feeding bait. In transfer study at 1 
ppm donor’s mortality gradually reached up to 98% which resulted in 86% recipient’s 
mortality. Termites foraged freely in chlorfenapyr treated sand and maximum mortality 
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recorded was 91.6% in 1 ppm treated sand showing chlorfenapyr could be good 
candidate for soil treatment. Chlorfenapyr did not significantly affect trail following of 
termites exposed up to < 3 ppm. In the dose respose study imidacloprid was found to be 
effective at > 300 ppm and caused > 80% mortality within 12 days. In the feeding 
deterrence test imidacloprid at > 200 ppm was a deterrent to feeding. Mortality 
recorded was > 90% which could be due to contact with treated blotting paper rather 
than feeding. In transfer study > 70% recipient’s mortality indicated the successful 
transfer of imidacloprid at > 200 ppm. Imidacloprid acted more like repellent 
insecticide and allowed little tunneling in treated sand and seriously hampered trail 
following ability. Termites treated with 50 – 100 ppm imidacloprid completely failed to 
follow the trail. Hexaflumuron caused < 50% mortality in termites exposed to 100 –
5000 ppm whereas at 10,000 ppm caused > 70% mortality after 25 days, ELT90 
calculated was 74 days. It was found deterrent to feeding at > 1000 ppm and mortality 
was very low except at non-deterrent dose of 10,000 ppm with 80% of the termites 
were killed after two weeks. It elicited 34% and 59% recipient’s mortality at 5000 and 
10,000 ppm respectively implying its effective horizontal transfer at these doses. 
Foraging was greatly reduced in sand treated with > 500 ppm whereas trail following 
ability and walking speed was not affected significantly at all the tested concentrations. 
In dose-response study of lufenuron, ELT90 values narrowly ranged between 45.2 and 
64.9 days at > 250 ppm. It was non-deterrent to feeding at < 5000 ppm but was not an 
effective dose until 10,000 ppm where it elicited significant mortality of 98%.  It was 
not until after 2 weeks that it was found to be a deterrent to feeding; therefore it would 
not be ideal for feeding baits. At 5000 and 10,000 ppm recipient’s mortality was 30% 
and 45% respectively; which indicated considerable transfer at these doses. Foraging 
was greatly reduced in sand treated with > 1000 ppm of lufenuron but trail following 
ability was not significantly affected.  
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I. INTRODUCTION 
 
Termites are known as group of social insects that belongs to order Isopetra, due 
to equal size, shape and venation of their fore and hind wings.  About 280 genera, 7 
families and over 2600 species of termites have been recorded to date from all over the 
world (Kambhampati and Eggleton, 2000, Engel and Krishna, 2004, Jenkins, 2006). 
Termites are habitually categorized in three types, i.e. damp wood, dry wood and 
subterranean termites. Damp wood termites are generally found in highly moist and 
fungal rotten wood; in contrast dry wood termites can inhabit wood which can have less 
than 10% moisture.  The third type of termite resides and forages in soil therefore is 
considered subterranean termites. Subterranean termite colonies are probably consider 
the most destructive worldwide because they may have millions of individuals (Su, 
1993a) which have the potential to cover hundreds of meter square area for their 
foraging from the center of their colony  (Su and Scheffrahn, 1988) whereas the other 
two types are mostly confined to wood and have small colonies (Su, 1990).   
  Subterranean termites are kind of termites, which make their nest underground 
and come to the surface to attack wooden structures in buildings, forests and 
agricultural crops. Many of these species are known but few of these species cause 
significant structural damage (Myles, 2004). Worker termites cause all the damage 
because they are foraging for cellulose rich materials. These workers then transfer food 
and nutrients to their other nest mates including nymphs, soldiers and reproductives 
through processes like trophallaxis, social grooming etc (Pearce, 1997).  
Subterranean termites control accounts for approximately 80% of the total 
amount spent on termites annually (Su, 1993b, Jenkins, 2006) with damage, repair and 
control reaching approximately 11 billion dollar per year in United States only. It is 
expected that the cost of termite control will further increase with the improving living 
standards of human beings (Su, 2002). 
Heterotermes is a genus of subterranean termites which is endemic to most parts 
of the world and considered as one of the most important economic termite pest (Baker 
and Carriere, 2011). In the United States it is ranked in top three major termite pests 
(Baker and Bellamy, 2006). In Brazil and other parts of South America, It is reported to 
 1 
cause severe economic loss by damaging adult forest trees like eucalyptus and pines 
and cash crops like cotton, rice, coffee, cassava, etc. Specifically in Brazil this termite 
genus is widely distributed pest in sugarcane crops and has been reported to cause 
damage at more than ten tons per hectare a year (Batista-Pereira et al., 2004, Jenkins, 
2006). In addition, has been reported as significant crop pest in the deserts of India 
along side the border of Pakistan (Gera and Kumar, 2011). It has the capacity to destroy 
standing adult trees by hollowing them form inside without having evidence of any 
external signs (Balachander et al., 2013). 
Like other congeneric species, Heterotermes indicola (Wasmann) is one of the 
most economically important and destructive subterranean termite pest species in 
Pakistan. It damages the residential wooden structures as well as the agricultural crops 
and orchards. It is considered to be one of the most tenacious species since it remains 
active year round (Manzoor and Mir, 2010). It has been known to damage fruit 
orchards and agricultural crops with damage records showing upward of 100% in 
apricot and pear orchards in northern parts of Pakistan (Badshah et al., 2004). Its 
adaptability to survive in dry and hot condition is due to its foraging behavior and 
biology.  A reason for its success in these conditions is its ability to make small 
foraging tubes that originate from the soil and reach meters above the ground. In 
addition, termite foragers have relatively small body size which enables them to 
penetrate narrow cracks, holes and gaps in foundation slabs. These characteristics make 
it advantageous over other subterranean termites due to its ability to tunnel greater 
distances to moisture sources because other species do not have ability to exploit these 
limiting conditions. In addition, due to its ability to make narrow, long and sometimes 
free hanging foraging tubes it has potential to become a well established and 
destructive pest in urban areas (Jones, 1990, Scheffrahn and Su, 1995). 
Soil dwelling, cryptic nesting and feeding behavior of subterranean termites 
such as Heterotermes spp. makes them very difficult to understand regarding their 
ecology and population dynamics. It can be difficult to discover their existence until 
there are visual signs and symptoms, which appear usually as damage (Thorne et al., 
1999).  
Pakistan is an agriculture based country and the significant portion of gross 
income is from major and minor crops but the income from these crops is much below 
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that of other developed countries because of high inputs such as fertilizers and 
pesticides. Termites are currently causing further reduction in crop production and 
ultimately in gross income for growers. Subterranean termites are one of the major 
pests in Pakistan causing tremendous damage in fruit orchards, sugarcane, maize, and 
tobacco and in wheat crops (Salihah et al., 1992). 
Heterotermes spp infestations have become severe if left untreated. The 
complex behavioral pattern of subterranean termites along with the cryptic nature of 
their foraging makes them tough to control. Current control strategies consist of 
chemicals applied to the soil known as termticides. Applications of termticides are 
applied around the structure with the objective of killing the termites both within the 
structure and preventing them from entrying the building. Current termiticides can be 
catergized as either repellent or non-repellent. These soil treatments with liquid 
termiticides had been the major strategy for control of subterranean termite since the 
middle of the last century. Termite control by using liquid termiticides gained 
momentum with the discovery of chlorinated hydrocarbons in the 1940’s (i.e. 
chlordane, heptachlor, endrin, aldrin and dieldrin) which were found to be very 
effective at killing termites and were relatively stable in the environment (Forschler, 
1994). These termiticides classified as Chlorinated Hydrocarbons had been used as 
chemical barrier around infested buildings or structures for several decades. However 
their use as termiticides was banned in late 1980s due to their high volatility and 
environmental persistence. In the next three decades, they were replaced by 
Organophosphate. These Organophosphates, like chlorpyrifos were less persistent in 
the environment and were widely accepted, although they were more toxic to 
vertebrates compared to chlorinated hydrocarbons. However, they too were also banned 
in 2000. Currently the repellent Pyrethroid termiticides are some of the most widely 
used liquid termiticide treatments. These chemicals have a relatively long residual life, 
are effective at low concentrations, and have low acute mammalian toxicity (Potter, 
1998). However,  Pyrethroids are repellent compounds by nature and thus repel foraging 
workers away from a treated structure (Su et al., 1982), not killing them. Soil corrective 
treatments using these repellent insecticides do not impact the overall population of 
subterranean termites but they only block the access of termites however, the colony 
remains viable and capable of re-infestation (Su and Scheffrahn, 1988). The surviving 
colony can continue to produce foragers and alates that have the potential to infest 
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nearby areas. The termite control industry dependence on repellent soil termiticide 
barriers has been one of the causative factors for the continuing extension of the 
subterranean termites (Su, 2003). 
The current control strategy is to maximize the impact on the termite colony by 
having termticides distributed throughout the colony. Repellent and fast acting soil 
termiticide either repel the foraging population or may kill donors too fast for a 
substantial toxicant transfer within the population. In other words these conventional 
soil termiticides only exclude the already existing colonies for some period of time but 
the colony remains active and can cause infestation again in the same location (Su and 
Scheffrahn, 1988). On the other hand non-repellent termiticides are not detectable by- 
termites. As termites tunnel into treated soil or area, they come into contact with the 
insecticide and pick up a sub lethal dose and become intoxicated. These intoxicated 
termites then feed or groom their nest mates and they also die due to indirect effects of 
exposure (Su et al., 1987, Sattar, 2007).  
In recent years non-repellent termiticides have gained popularity as alternatives 
to conventional termiticides. These termiticides do not repel foraging termites but 
inhibit their invasion through lethal contact (Su and Scheffrahn, 2000). Unlike the 
conventional fast acting repellent soil termiticides, these novel termiticides impact the 
colony population of subterranean termite due to their non-repellency and delayed 
action. Termites exposed to these non-repellent insecticides appears to be unaware of 
treated barrier and proceed on moving through the treated soil which ultimately results 
in colony supression and elimination (Thorne and Breisch, 2001). In recent years more 
and more novel termiticides are being developed with a non-repellent character. Non- 
repellent termiticides such as Fipronil, Imidacloprid, Chlorfenapyr, Indoxacarb, and 
others are in use (Gahlhoff and Koehler, 2001, Shelton and Grace, 2003, Hu, 2005). 
Research work on laboratory evaluation of non-repellent insecticides is 
underdone in Pakistan. Specifically there is no adequate information available on           
H. indicola in relation with non-repellent insecticides. The present study, therefore, 
designed to evaluate some non-repellent termiticides, which can be used as soil 
termiticides or as active agent in slow acting toxicant baits. Important aspects of the 
study included toxicological and behavioral studies for the selected termiticides while 
observing the social behavior of subterranean termites.  
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The following objectives were set up for the research project:  
1. Determination of dose response relationship of non-repellent insecticides 
against H. indicola.  
2. To study the deterrence of non-repellent insecticides against H. indicola. 
3. Determination of transfer rate of non-repellent insecticides within conspecific 
individuals of H. indicola.  
4. To study H. indicola foraging behavior in medium treated with non-repellent 
insecticides. 
5. To study H. indicola trail-following behavior after exposure to different doses 
of non-repellent insecticides. 
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II. REVIEW OF LITERATURE 
2.1 General Classification of Termites 
Termites belong to order Isoptera which has about 281 genera and more than 
2600 species within seven families, i.e. Termitidae, Mastotermitidae, Kalotermitidae, 
Sterritermitidae, Hodotermitidae, Termopsidae and Rhinotermitidae and 14 subfamilies 
(Kambhampati and Eggleton, 2000, Engel and Krishna, 2004).  Termites can be 
broadly divided in to higher termites and lower termites. All the higher termites are 
placed in family Termitidae, which is further divided in to four subfamilies, whereas 
lower termites are classified in to remaining six families. Termitidae contains 85% of 
the entire known termite genera and about 70% of all the known termite species. 
Higher termites are considered to be more complex in their morphology, gut anatomy 
and defense mechanisms. They lack symbiotic celluloytic proteases in their gut and 
they are not limited only to wood in their feeding habit (Ohkuma et al., 2004). Lower 
termites in their hindgut have microbial symbionts, which help them in digesting 
cellulose, which is typical example of symbioses. These prokaryotic symbionts also 
play an important role in fulfilling the nutritional requirements of the lower termites. 
Unlike the higher termites they are only limited in their feeding habits but they are very 
efficient in decomposing the cellulosic materials in to simpler sugars (Ohkuma, 2008).  
One of the most evolved and important family of lower termites is Rhinotermitidae 
(Inward et al., 2007). Rhinotermitidae is further divided into six subfamilies and 
possesses extremely heterogeneous genera (Ohkuma et al., 2004). 
2.2 Subterranean Termite Biology and Ecology 
Termite colonies are divided in to distinct specialized castes. The reproductive 
caste which includes king and queen is responsible for reproduction and distribution. 
The soldier caste as the name suggests, carries out the responsibilities for colony 
defense. Most of the other responsibilities of termite colonies are carried out by worker 
caste. The workers perform the duties such as building and repair of nest, formation of 
tunnels and nourishment of nest mates (Thorne, 1997, Jenkins, 2006). The workers 
which are blind, feed on grasses, roots, agricultural crops (Waller and Fage, 1987, 
Tayasu et al., 1997) and they also invade man made wooden structures in pursuit of 
cellulose which is their staple food (Forschler, 1999). These workers then transfer 
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digested food and nutrients to other nest mates including young ones, soldiers, king and 
queen through processes like social grooming and trophallaxis (Pearce, 1997). The 
caste determination depends upon the need of colony; young ones will become soldiers, 
workers or reproductives if they are required in colony for right proportion. The 
balance or right proportion of each caste in colony is necessary for proper functioning 
of colony (Thorne, 1997). 
2.3 Subterranean Termite Damage 
Subterranean termites are considered as one of the most economically important 
pests in the world which causes economic damage to agricultural crops, forestry, 
grasses, pastures, plant roots, fruit orchards and as well as wooden structures in 
building (Pearce, 1997, Badshah et al., 2004). The subterranean termite species 
specially belonging to Rhinotermitidae are the most widely distributed termites; they 
exist in all the tropical, subtropical and temperate regions of the world. The 
subterranean termite Heterotermes indicola also belong to family Rhinotermitidae and 
is well-known household and agricultural crops pest for several decades now. It is 
known to cause the severe damage to wooden fixtures in the buildings and it has also 
been reported to destroy the clothes, papers and things cellulosic in nature. It generally 
makes the earthen galleries to access the wooden structures inside the buildings. It 
mostly hollows out the wooden from inside by eating the softer part and leaving the 
outer hard wood part as a thin cover (Mahapatro and Kumar, 2013). It is not easy to 
discover its existence until there are any signs and symptoms appear of its damage 
(Thorne et al., 1999).  
H. indicola is the most commonly encountered species found throughout the 
Pakistan. It is the major pest of buildings and as well as of agricultural crops, usually 
forms large colonies and constructs tunnel for reaching food source (Manzoor and Mir, 
2010). Its infestation can become severe if left untreated becuse it is known to damage 
crops, fruit orchards and wooden structures. In some cases damage has been recorded 
up to 100% in orchards of apricot and pear in Peshawar, Pakistan (Badshah et al., 
2004). It is also reported as most destructive pest of sugarcane crop in Pakistan (Salihah 
et al., 1988). Its damage is devastating in the some areas for example, houses are made 
up of wood in a town in India but due to termite attack the whole town was slowly 
destroyed and eventually abandoned back in 1940s (Mahapatro and Kumar, 2013). 
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2.4 Subterranean Termite Management 
The management of subterranean termites is very difficult because of their 
cryptic nature and constant foraging behavior. Currently, there are several management 
techniques for termite control including: non chemical methods such as use of physical 
barriers; biological control and chemical methods such as wood preservatives, soil 
treatment with liquid termiticides (repellent and non-repellent termiticides) and slow 
acting toxicant baits (Su et al., 1998). 
2.4.1. Non Chemical Management 
2.4.1.1. Physical Barriers  
The purpose of the physical barrier is to exclude the termites from entering the 
structures without the use of chemicals (Ewart, 2001). These barriers are usually used 
in the foundations and potential entry points in to the buildings and structures. The 
importance of physical barriers increased with the ban on cyclodiene soil insecticides 
due to environmental concerns; they were previously ignored because of the high usage 
of those effective and persistent liquid termiticides as a chemical barrier (Tamashiro et 
al., 1987, Su and Scheffrahn, 1992, Grace, 1999, Ahmed et al., 2004). 
The steel mesh or uniform size particles like of sand, gravel, hard rocks can be 
used as physical barriers. The particular size of sand particles avoids the entry of 
subterranean termites, if sand size is large enough that termite can’t lift it with 
mandibles and small enough that termite can’t penetrate through the gap of particles 
can be effectively used as physical barrier (Ebeling and Pence, 1957). The role of 
physical barriers for the control of subterranean termites has been reassessed and 
reconfirmed in recent years. For example the workers of the Formosan subterranean 
termite and the Eastern subterranean termite were tested in the lab for their penetration 
ability against the barrier of one-size particles and mixture of different size particles. It 
was observed that barrier of mixed size particles prevented the both Formosan and 
Eastern subterranean termite species from penetration (Su, 1991). In another laboratory 
study effect of different particle size was examined on the tunneling ability of 
Coptotermes formosanus; it was concluded that particle size had significant effect on 
tunneling because termite tunneled faster in coarse sand than in the fine sand, termite 
require more effort to remove the fine particles for making tunnel (Cornelius, 2005b). 
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Unlike the chemicals these physical barrier are eco-friendly because they do not affect 
non-target organisms (Keefer et al., 2013). The different size particles and thickness of 
gravel sand barrier were tested against two subterranean species Reticulitermes 
flaviceps and Coptotermes formosanus in both the laboratory and field and it was 
concluded that proper size and thickness can effectively prevent the entry of these two 
species in the buildings or structures (Li et al., 2011). 
Stainless-steel wire meshes are another type of an effective and popular 
physical barrier for termite control. Its installation is usually done before the 
construction at the potential entry points like expansion joints or under the concrete 
slabs. Installation of mesh is very popular in Australia (Ahmed et al., 2004).  The size 
of the apertures of mesh can be varied to exclude the termites of different species. A 
mesh have been
 
developed and patented in Australia is a flexible, corrosion-resistant 
stainless steel mesh that had tested in laboratory and field against the important 
subterranean termite specie and it performed commendably (Lenz and Runko, 1994).  
Keeping in view the social behavior, different body sizes, mode of damage and 
entry in to buildings and structures of subterranean termites, sometimes it is very 
difficult to control them simply with the use of physical barriers. Because mostly the 
physical barriers are specie specific and lot of parameters like proper particle size, 
angularity, weight of particles, fineness and thickness are involved for the successful 
denial of termite entrance (Li et al., 2011, Keefer et al., 2013). Other limitations which 
are associated with physical barriers is the availability of appropriate sand or hard rock 
in that particular area because sometimes shipping cost is very high, in addition 
installation of physical barrier are sometimes very difficult and technical assistance is 
not available (Grace, 1999).  
The use physical barriers can be important part of integrated management of 
termites along with chemicals, baits and dust toxicants. But it can only be successful in 
future for the control of subterranean termites if we or the companies which are in 
construction business are willing to afford the extra cost (Ahmed et al., 2004). 
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2.4.1.2. Biological Control 
As subterranean termites usually lives in humid soil, containing some pathogens 
like fungi and nematodes, which can be used for insect pest control and specially some 
of them has the potential to cause mortality in termites. Two of the most known fungi 
for the control of termites are under trial by many scientist are Metarhizium anisopliae 
and Antennopsis gallica. These soil borne pathogens can be used in the colony level bio 
-control of termites because the can be spread within the colony by termites through 
process like social grooming and trophallaxis (Myles, 2004). M. anisopliae was tested 
in laboratory and field study against the workers and soldiers of subterranean termite 
Odontotermes obesus and it was concluded that the introduction of conidial baits 
decreased the wood consumption and also formation of mud galleries on the tree bark 
(Balachander et al., 2013). The efficacy of two entomopathogenic fungi M. anisopliae 
and Beauveria bassiana were evaluated in the field against economical important 
termites M. subhyalinus and the results showed that both fungi have potential to 
become good biocontrol agents for its control under field conditions (Borgemeister and 
Langewald, 2002). 
Hoe, (2009) separated three isolates of M. anisopliae with the molecular 
technique and were tested against the termite specie Coptotennes cuwignathus 
(Isoptera: Rhmotermitidae) which attack palm trees. Different isolates caused different 
range of mortality; in some cases the mortality recorded was even up to 100%.  It was 
concluded that the isolates of M. anisopliae have potential to be developed in to 
biopesticide for the control of C. cuwignathus in oil palm trees. 
Nematodes and mites were investigated for their abundance, diversity and their 
capability as bio control agents against three subterranean termite species, 
Reticulitermes flavipes, Reticulitermes virginicus and Coptotermes formosanus. It was 
found that mites were not good candidate for the control of any of the three termite 
species and nematodes also did not cause enough mortality or abnormal behavior 
however they were able to parasitized all the three tested subterranean species to some 
extent (Wang, 2002). Biological control also has its own limitations because the 
termites exhibit different behavior in the response to the presence of entomopathogenic 
fungi (Balachander et al., 2013).   
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2.4.2. Chemical Management 
2.4.2.1.  Use of Fast Acting and Repellent Insecticides 
Conventional methods for control of subterranean termites are mostly 
preventive in nature. Termiticide are usually applied to the soil making a chemical 
barrier at the base of structure in order to seal the potential entry points from 
subterranean termites. The successful exclusion of termites requires gapless, 
uninterrupted and uniform termiticide barrier (Forschler, 1994). 
    The control of subterranean control with chemicals started in later part of 
nineteenth centaury but their proper testing started in 1940s. Termite control by using 
liquid termiticides gained momentum in middle of 19th centaury with the discovery of 
chlorinated hydrocarbons. Cyclodienes like Heptachlor and Chlordane were used 
extensively as soil insecticides for the control of subterranean termites from 1950s to 
1980s. But with the introduction of organophosphates like chlorpyrifos, the cyclodienes 
were banned in late 1980s due to their environmental hazardous nature. Most of the 
organophosphates are also banned now but few are still available in market and they are 
in use with different brand names. The organophosphates kill the termites fast and large 
number of dead termites can get piled up in one area and start decomposing, resulting 
in other alive termites getting repelled from these decomposing dead termites. A study 
on Coptotermes fomosanus showed same kind of repelling behavior from dead ones 
when it was tested against fast acting termiticides (Su and Scheffrahn, 1990a). 
These organophosphates then replaced by pyrethroids such as cypermethrin 
bifenthrin and permethrin, which act as repellent but considered to be of less 
environmental hazardous and posses low mammalian toxicity. Pyrethroids when 
applied as chemical barrier beneath any building or structure deter termites by repelling 
them away (Buczkowski et al., 2012). 
Forschler, (1994) observed that sometimes when these soil termiticides were not 
applied properly or applied at less than recommended rate to save the cost, termite 
workers managed to breach the chemicals barriers. So to prevent these incidences 
repellent compounds were poured in huge quantities to eliminate the untreated regions 
and gaps which can become potential entry points of termite workers. Su et al., (1982) 
stated that termite control through repellent compounds also became complicated as 
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termite can sometimes detect the treated area and can seal off and avoid the treated 
individuals of colony.  
Environmental pollution and ill effects of repellent termiticides on non-target 
organisms as well as the need for alternative compounds that can be effective at very 
low concentrations provide the reason to develop and use non-repellent compounds and 
baits (McCann et al., 2001, Silver and Soderlund, 2005). 
2.4.2.2.  Use of Non Repellent Insecticides and IGRs 
The application of liquid termiticides in soil has been the same for last so many 
decades but chemistry of chemicals changed and focus is shifted from repellent 
termiticides to non-repellent termiticides. With the introduction of these new non-
repellent termiticides the use of pyrethroids has significantly decreased. The extra 
advantage associated with the use of these chemicals is this that they are more 
environmental friendly and pose less threat to non-target organisms (Buczkowski et al., 
2012). In developed countries like US the non-repellent termiticides such as fipronil, 
imidacloprid, chlorfenapyr etc have became more popular than fast acting repellent 
compounds in the last few decades (Shelton and Grace, 2003, Shelton et al., 2006) 
Unlike the repellent pyrethroid or fast-acting organic phosphate termiticides; 
non-repellent insecticides are usually toxic and slow acting in nature and can be used as 
liquid termiticides in soil or as active ingredient in termite baits. Because of their non-
repellency and apparent delayed action, they do not repel the termites rather they allow 
them to forage in the treated area and get intoxicated with the sub-lethal dose. This 
delayed killing then helps in transfer of toxicant to their nest mates through trophallaxis 
and social grooming and ultimately results in suppressing of colony’s population 
(Ibrahim et al., 2003, Shelton and Grace, 2003, Hu et al., 2005).  
Non-repellent compounds that are sufficiently slow-acting are suitable for 
remedial treatments of subterranean termites because they are more likely to be 
transported to untreated parts of the colony through  the treated foragers which pick the 
toxicant from the treated zone (Su et al., 1982). The mortality rate and speed of kill in 
case of non repellent and slow-acting insecticides depends upon its concentration (Su et 
al., 1987).  
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Following are the related laboratory and field research studies so far on the non-
repellent insecticides which were also evaluated in the present study. 
Fipronil 
A laboratory study had shown that topical application of fipronil at low doses 
was highly effective against workers and soldiers of Coptotermes formosanus Shirak. It 
was observed that acute toxicity was greater after 24 h exposure in workers than 
soldiers but after 72 h there was no significance difference regarding the workers or 
soldiers. The mortality increased when untreated workers were released with treated 
soldiers, however no horizontal transfer was observed from treated workers to untreated 
soldiers. Moreover, the fipronil showed no repellency at 0.063% but became repellent 
to termite workers at rate of 0.125 % (Ibrahim et al., 2003).   
In another study, field collected subterranean termite Reticulitermes flavipes 
(Kollar) and C. formosanus Shiraki were tested for their mortality and penetration in 
soil treated with different concentrations of fipronil and indoxacarb. Concentration and 
thickness of treated soli with both insecticides significantly affected the mortality of the 
termites. Eastern subterranean termites (R. flavipus) proved more susceptible to 
indoxacarb than Formosanus subterranean termites (C. formesanus). Fipronil showed 
faster and higher mortality rate than indoxacarb at all the corresponding concentrations. 
Both termite species showed no repellency against either of the tested termiticides and 
penetrated through all the tested concentrations and thicknesses except at very high 
concentrations and thickness where penetration was less because termites were killed 
faster (Hu, 2005). 
The same two termite species were tested against thiamethoxam and fipronil. 
Both termite species penetrated all the tested concentrations demonstating that both the 
termiticides were non-repellent. Although the higher mortality prevented the complete 
penetration it still supported the fact that both products at higher concentration can act 
as effective barrier. Overall thiamethoxam were more toxic to formosanus subterranean 
termite than the eastern subterranean termite whereas fipronil was equally toxic to both 
species (Remmen and Su, 2005a). 
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With the decrease in concentration of slow acting toxicants like fipronil, time 
required to take full affect on termites increased when the same two subterranean 
termite species were exposed for different period of time on filter paper treated with 
fipronil. At 1ppm more than 80% mortality was observed in 5 days with R. flavipus and 
9 days with C. formosanus (Remmen and Su, 2005b). 
The fate of fipronil in the soil was investigated when applied under the slabs in 
trench treatment. Results showed during three years of study that there was little 
movement in all the three types of tested soil. Only small amount of fipronil migrated 
out of layer of 5 cm thickness but the loss of toxicant and its metabolites were slow 
around 200 to 326 days at low dose whereas it was recorded 633 to 674 at high rate 
(Ying and Kookana, 2006). Another study also supported the fact that fipronil remains 
effective against subterranean termite in the soil even after 30 months of application 
and can cause 100 percent mortality (Peterson, 2010b). 
The horizontal transfer of non-repellent insecticide is the most important 
parameter for the successful control of subterranean termites. Many laboratory and field 
studies are being conducted to see the potential of transfer of different non-repellent 
toxicants among the nest mates of same termite colony. One of such kind of study was 
conducted in lab to see the potential of horizontal transfer of 14oC radio labeled fipronil 
among the workers of R. hesperus Bank. It was observed that both continuous and short 
term exposure seriously affected the trail following ability of termite and thus 
hampering the horizontal transfer in result of that. There was linear relationship 
between time of exposure and uptake of fipronil when workers were continuously 
exposed to different concentrations for 24h. Transferred happened though social 
grooming and trophallaxes and the donors workers did not transferred enough toxicant 
to recipients do determine secondary transfer. The maximum uptake took place in first 
24 h of exposure after that workers were immobilized and they failed to transfer it 
further. In the tunneling studies fipronil prevented the tunneling at as low as 0.5ppm of 
concentration but it proved to be non-repellent even at 500 ppm (Saran and Rust, 2007)   
The effect of temperature and donor-recipient ratio on uptake and transfer of 
radio labeled fipronil among the workers of R. flavipes (Kollar) was investigated in the 
lab. Donors dyed with Nile blue A were treated with 1ppm of fipronil for 2 hours and 
then released with untreated recipients in the ratios of 1D:1R, 1D:10R and 1D:20R and 
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kept at 12oC, 17oC,  22oC, 27oC  and 32oC. It was concluded that maximum uptake and 
transfer occurred at 22oC and above and it decreased with the decrease in temperature. 
It was also observed rate of uptake and transfer was higher at higher donor to recipient 
ratios (Spomer et al., 2008).     
In another same kind of study uptake, transfer and clearance of (14oC) fipronil 
was evaluated in the population of R. flavipes (Kollar) by contact and feeding 
intoxication. The concentrations tested were ranging from 0.01-1ppm for contact 
intoxication and 0.1-10ppm for feeding intoxication. About 60% mortality was 
achieved at 0.01 ppm by feeding treated filter paper with 5-6 days whereas same 
percentage of mortality was achieved by exposing termites to 5ppm treated sand after 7 
days in case of contact intoxication. For the evaluation of the transfer the amount of 
fipronil was measured in cuticle and inside the body of workers and it was concluded 
that significant amount of fipronil got horizontally transferred by feeding and 
phenomenon like trophllaxes, social grooming and internalization also play important 
role in increasing the efficacy of fipronil in field conditions (Bagneres et al., 2009).    
The colony level effects of fipronil were investigated in the field conditions in a 
study for three years against the eastern subterranean termite specie R. flavipes. All the 
11 treated colonies were disappeared in 90 days and the untreated colonies remained 
active supporting the fact that fipronil has potential to spread across the colonies of 
subterranean termites which resulted in colony elimination under field conditions 
(Vargo and Parman, 2012).  
The fact of successful transfer of fipronil was also supported by another lab 
study where 0.5% fipronil dust was applied in three different ways against subterranean 
termite species C. formosanus Shiraki. When it was directly applied on the termite 
workers (donors) and mixed with untreated workers (recipients) in three different 
ratios, it caused significantly higher mortality in higher donor to recipient ratios. 
Similarly, high mortality was observed with in 42 h in donors and recipients when 
fipronil was applied on sand and soil surfaces to treat the donors. So over all results 
showed that fipronil is non-repellent and readily transferable among subterranean 
termite (Gautam et al., 2012) 
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Chlorfenapyr 
Chlorfenapyr can be used in soil as an effective chemical barrier because of its 
non-repellency and delayed mortality. In an experiment it was tested for its toxicity, 
transfer, effect on tunneling and trail following against western subterranean termite,     
R. hesperus Banks. Brief exposure of one hour to 75ppm treated sand resulted in 88% 
mortality after a week. Chlorfenapyr was also tested for its deterrence at different 
concentrations and it did not repel the termites even at higher concentration of 300ppm 
and termites tunneled in treated sand. Termite workers were able to tunnel 0.1 to 1.8cm 
in treated sand and in the process 70% of population died. The treatment also affected 
the trail following ability of termites, 17% termites showed weak response to the 
pheromone trail after one hour and that percentage increased to 60 % after 4 hours. The 
uptake of toxicant increased with the increase in concentration and time of exposure. 
The donors exposed to 100 pm for one hour transferred sufficient amount  to recipient 
and caused 96% mortality but recipient did not received enough toxicant to transfer it 
further to other unexposed workers. It was concluded that it can be good candidate for 
non-repellent chemical barrier in soil against subterranean termites (Rust and Saran, 
2006). 
Chlorfenapyr transfer among workers of R. flavipes was investigated using 
5Donor: 95Recepient ratio. The donors were exposed to treated sand treated with 
different concentrations of chlorfenapyr ranging from 0ppm to 500ppm. After that 
donors were released with unexposed recipients for 14 days and mortality was 
recorded. Out of tested three different colonies, two colonies showed significantly 
higher recipient mortality. In another experiment where donor mortality was recorded 
by exposing them to different concentrations resulted in 100% mortality within 5 days 
of treatment (Shelton et al., 2006).  
Indoxacarb 
Indoxacarb’s horizontal transfer was investigated among the workers of              
C. formosanus under the effect of different doses, donor: recipient ratios and exposure 
times. Higher doses caused higher mortality and transfer of toxicant was evident 
because of recipient mortality in most of the treatment after 24 days of treatment. At 
low doses the mortality was not observed until of 20 days, showing that indoxacarb has 
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delayed killing ability which can be useful in successful transfer of toxicant (Hu et al., 
2005). 
Bio-efficacy and environmental fate of indoxacarb and chlorantraniliprole in 
soil was evaluated under field conditions. Chlorantraniliprole proved more persistent 
than indoxacarb and termites were unable to penetrate though chorantraniliprole treated 
soils but in case of indoxacarb they able to tunnel all through the soil after 360 days of 
application. Both termiticides showed no repellency to termites. Indoxacarb was more 
toxic to the termites when it was applied in the soil whereas chlortraniliprole was more 
toxic when applied topically (Spomer, 2009). 
Indoxacarb and chlorantraniliprole movement was studied in sandy loam and 
silty clay loam soils.  Slight downward movement chlorantraniliprole was observed in 
case of sandy loam whereas there was no significant downward movement was 
recorded in sandy loamy and sandy clay loamy soils. Both termiticides remained near 
the point of application with very little movement in the soils column (Spomer et al., 
2011).    
In another same kind of study temporal changes of chlorantraniliprole and 
indoxacarb were studied in four different types of soils. At different depths of soils, 
temporal and spatial changes were recoded up to 705 days. In first 180 days loss of 
insecticide was greater. Further study in the lab revealed that workers of subterranean 
termite species R. flavipes were unable to penetrate completely in 50mm of treated soils 
immediately after treatment because of the worker mortality. Complete penetration was 
observed after 360 days at low concentrations and higher concentrations remained 
effective until 705 days. Although termites were not able to penetrate the treated soils 
but they showed no repulsion towards both termiticides (Spomer and Kamble, 2011). 
Imidacloprid 
The tunneling behavior of subterranean termite species R. virginicus (Banks) 
was studied in lab. Termite workers were exposed to sublethal doses for some time and 
then they were allowed to recover for one week. These treated termites were again 
allowed to tunnel in imdiacloprid treated sand in comparison with untreated workers. It 
was noticed that termites treated with higher concentrations died and those who 
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survived were not able to tunnel though the treated sand unlike the fresh untreated 
workers who tunneled normally in treated sand (Thorne and Breisch, 2001). 
Imidacloprid was tested in the field as liquid bait under and around the infected 
buildings. Imidacloprid solution (0.5%) applied against the C. formosanus Shiraki 
population and termite activity was recorded in 30 independent monitors installed 
adjacent to building. It was concluded that imidaclprid do not affected the termite 
population and therefore cannot be used as liquid bait (Osbrink et al., 2005)  
The insecticides like imidacloprid, Chlorpyrifos, bifenthrin, thiamethoxam and 
flufenoxuron were evaluated by applying in soils from different cities of Pakistan in 
laboratory against Microtermes obesi. The LT50 calculated was same in all kind of 
tested soils although it increased with the increase in concentration (Ahmed and 
Farhan, 2006). 
Imidacloprid’s was also tested in vegetative and non-vegetative soils for its 
longevity, mobility and termiticidal activity. It was again confirmed in this case that 
soil with or without vegetation has no significant effect on the longevity and termicidal 
activity of imidacloprid but its mobility was higher in non-vegetative soil than the 
vegetative soil, this could be because vegetation helped in retaining the more moisture 
contents in soil (Peterson, 2007).  
The imidacloprid (Premise® 200SC) due to its delayed mode of action and non-
repellency was applied as liquid soil bait in complete exterior perimeter and limited 
interior perimeter of seven different termite infected buildings. The study had shown 
very encouraging results in controlling the subterranean termite population with in 3 
months time. When one of the buildings was given complete treatment internally and 
externally, the time required to control termite population decreased to two months 
(Hafiz, 2008).  
Same kind of results were obtained in another field study where imidacolprid 
(Premise 75WSP) was applied externally and internally in the 11 houses infected by 
subterranean termite R. spp. Monthly monitoring was done after application for 3 
months and then quarterly treatment carried out for 2 years. Findings of the study 
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supported that imidacloprid was successfull in suppressing the termite population 
mostly within 3 months of treatment (Parman and Vargo, 2010).   
Imidacloprid extensively used in soil against different subterranean termites, it 
was important to know about its metabolic fate once applied to workers. Because 
metabolites play important role in control of termites once they are transferred from 
treated workers to unexposed workers. A study was conducted to find out the fate of 
imidacloprid in workers of R. flavipes when they were fed and topically treated. About 
six metabolites were identified which were found to be less toxic then the imidacloprid 
itself. It was found that only two metabolites (olefin-imidacloprid and 5-OH 
Imidacloprid) were causing mortality when transferred within the workers (Tomalski et 
al., 2010).   
Hexaflumuron 
Chitin synthesis inhibitors/ IGRs are also in use for decades now for the control 
of subterranean termites. Hexaflumuron and diflubenzuron initially tested for their 
potential to use as toxicant bait in laboratory against two subterranean species C. 
formosanus and R. flavipes. Results revealed that hexaflumuron was comparatively 
more effective against both species than diflubenzuron (Su and Scheffrahn, 1993).  
Hexflumuron as an active ingredient mixed in a matrix was tested against 
subterranean termite species in the field. First of all foraging points were detected by 
installing wooden stakes and then replaced by bait tube containing hexaflumuron and 
up to 100% reduction in the population was recorded by the consumption of 4-1500 mg 
of hexaflumuron (Su, 1994).   
Two chitin synthesis inhibitors: hexflumuron and lufenuron which are used in 
the present study were also tested in another study where they’re potential as toxicant 
bait was tested against subterranean termite species C. formosanus and R. flavipes. 
Hexflumuron caused 100 % mortality in both the species and did not showed 
deterrence to C. formosanus and R. flavipes up to concentration >8000 ppm and >4000 
ppm respectively. On the other hand in case of lufenuron the tested non deterrent 
caused only 50-80% mortality. Overall hexflumuron found to be more effective 
toxicant bait than lufenuron (Su and Scheffrahn, 1996). 
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In addition with in ground baiting, hexflumuron was also tested against 
subterranean termites as above ground termite baits directly on the active points and it 
succeeded in eliminations of 5 subterranean termite colonies and in another colony 
number of foragers were reduced significantly (Su et al., 1997). 
Hexaflumuron as an active ingredient in termite bait is also reported for the 
successful elimination of subterranean termite R. flavipes infestation from the Statue of 
Liberty National Monument, USA. Total four infestations were detected in the side the 
monument and around the walls. All the infestation were eliminated in one and half 
year time and small quantity (1.8 gm) hexaflumuron as active ingredient was consumed 
(Su et al., 1998).   
Hexaflumuron (0.5%) as active ingredient in bait were used for the elimination 
of C. formosanus colonies in a house. Bait was applied to the active points where 
termite was feeding and damaging the wood. Bait consumption was maximum in first 
two months and it resulted in elimination of all the colonies after mean 3.3 months of 
application (Weissling and Thoms, 1999). 
Hexaflumuron (0.5%) used in bait matrices against subterranean termite specie   
C. curvignathus Holmgren. Population of termite was regularly monitored for months 
before and after the application of bait. Results showed all the tested four colonies 
stopped their activities in the all the installed monitoring stations within 2-3 weeks and 
with very little amount of hexaflumuron consumption. Hexaflumuron can be 
successfully used for the elimination of subterranean termite specie specially C. 
curvignathus (Sajap et al., 2000). 
In another study hexaflumuron’s two concentrations (0.5% and 0.1%) were 
tested against eastern subterranean termite R. flavipes for its uptake, transfer, 
metabolism and structural clearance. First three parameters were concentration 
dependent whereas clearance rate was independent of concentration. Hexaflumuron 
was successfully transferred from treated workers to untreated workers through 
trophallaxes. The hexaflumuron was efficiently up taken and transferred throughout the 
colony and hexaflumuron was not easily metabolized and thus was not easy to clear and 
resulted in high mortality (Sheets et al., 2000). 
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The effect of hexaflumuron on the gut fauna of subterranean was evaluated in a 
lab study and mortality was also recorded in choice and no choice mortality tests. It was 
concluded that hexaflumuron significantly affected the number of protozoa in the gut of 
termite and mortality was much higher when termites were fed on only hexaflumuron. 
Time required to kill 50% population was same both in choice test and no choice test 
(Perrott, 2003). 
  The subterranean termite species R. flavipes and R. virginicus under the 
treatment of termite bait containing 0.5% hexaflumuron were studied for their colony 
and population genetic structure for three years. The results showed that hexaflumuron 
was quite successful in suppressing the colonies of treated termites but new colonies 
can quickly occupy the vacated areas by the treated termites but continuous treatment 
of that area with bait containing hexaflumuron resulted in significant reduction of 
termite population (Vargo, 2003). 
Hexaflumuron tested against subterranean termite specie R. hesperus Banks to 
see the effect of rate of consumption on the mortality. Workers rapidly consumed the 
hexaflumuron mixed with different substrates and mortality reached > 90 % in 7-8 
weeks time. Trophollaxes rate was high among the workers and donor and recipient 
level apparently had no significant effect on the level of transfer of toxicant. 
Hexaflumuron also prevented the hatching process of eggs in tested termites and 
ultimately resulted in suppression of population of termites. Due to short half life of 
hexflumuron, it disappeared relatively quickly from the feeding sources and addition al 
sources of food resulted in low movement of hexaflumuron (Haagsma and Rust, 2005). 
Lufenuron 
Lufenuron (1500 ppm) was evaluated against the R. hesperus Banks for colony 
elimination. The 12 sites were selected with active termite infestation, six were 
provided with bait and other six were kept un-baited. All the colonies feeding on these 
stations were monitored regularly for several months to evaluate the effect of lufenuron 
containing bait. Other different parameters were also recorded like bait consumption, 
association of the foragers of same colony, abnormality in physical appearance of 
foragers, presence and absence of foragers in monitoring stations, cessation of feeding 
etc. The difference in wood consumption was not significant before application of bait 
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and it remained insignificant until 3 months after application of bait, but after 10-16 
months the wood consumption in baited colony reduced significantly from the un-
baited colonies showing that lufenuron was working effectively against the tested 
subterranean termites (Haverty et al., 2010).      
Lufenuron was also successfully used in bait for the elimination of aerial colony 
of R. flavipes from multistoried building. The bait was applied at the active foraging 
points directly. The infestation was monitored for several months and bait was replaced 
as needed. The bait eliminated the infestation and there was no apparent signs like 
active foraging points or swarming were observed for the next following several years 
(Bowen and Kard, 2012). 
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III. MATERIALS AND METHODS 
The present study on characterization of non-repellent insecticides and insect 
growth regulators for the management of subterranean termite species, Heterotermes 
indicola (Wasmann) was conducted at The University of Agriculture Peshawar and 
Nuclear Institute for Food and Agriculture (NIFA) Peshawar, Pakistan during 2011-13.  
3.1 Collection and maintenance of termite culture  
For collection of termites, foraging points were detected by installing Poplar 
(Poplus sp.) wood stakes (4cm wide x 2.5cm thick x 28cm high), a preferred wood by 
these termites. The stakes were hammered 25 cm deep and 2.5 meters apart from each 
other around the NIFA infested buildings, crop fields, fruit orchards, lawns and side 
walks. These stakes were examined every two weeks for the presence of termites. The 
infested stakes were replaced by NIFA-TERMAP (underground monitoring stations) 
(Salihah et al., 1993) by digging a cavity in the soil to fit the station so that the upper 
margin of the station just touched the ground surface. The monitoring station was 
comprised of a slice bundle surrounded by a 2 mm thick plastic collar (17 cm diameter 
x 22 cm high). The slice bundle consisted of 5 rectangular wooden poplar slices (15 cm 
high x 8 cm wide x 1 cm thick) wrapped in a blotting paper, held together by a rubber 
band and the space between the slices and plastic collar was filled with soil. Exposed 
end of the PVC pipe was covered with a plastic bag to prevent water getting in to the 
trap. Traps were examined every two weeks and infested bundles replaced with new 
ones. Infested bundles were brought to the laboratory for processing. Termites were 
separated from soil and debris though sieving. The collected termites were kept in glass 
Petri dishes (14 cm dia.) containing 2 pieces of moist blotting paper (14 cm dia.) in 
incubators at 27+2°C and 80% RH  .  
3.2 Non repellent insecticides and insect growth regulators 
 The following non-repellent insecticides and insect growth regulators (IGR) 
were tested against H. indicola. 
i. Fipronil® Agenda (25 gm [AI]/L) provided by Jaffer Brothers 
ii. Indoxacarb® Steward (50 gm [AI]/L) provided by DuPont. 
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iii. Chlorfenapyr® Pirate (360 gm [AI]/L) provided by BASF corporation. 
iv. Imidacloprid® Confidor (18.2 gm [AI]/L) provided by Bayer Crop Sciences 
v. Hexaflumuron® Kolfin (50 gm [AI]/L) (IGR) provided by Burhan 
Chemicals. 
vi. Lufenuron® Match (50 gm [AI]/L) (IGR) provided by Syngenta. 
Selected concentrations in ppm (weight of active ingredient /weight of blotting 
paper) were obtained through serial dilutions of all the above-mentioned non-repellent 
insecticides and IGR’s. Formulated termiticides were preferred over technical grad 
insecticides because they are easy to mix and apply in soil and are also the ones that are 
actually used in field for the control of termites. 
3.3 Dose-response relationship of non-repellent insecticides and H. indicola 
Through serial dilutions various concentrations (w/w) of insecticides and IGR’s 
insect growth regulators were prepared and used to treat sterilized blotting paper for 
dose response relationship studies (Table 3.3.1) 
Table 3.3.1.  Concentrations of non-repellent insecticides for dose-response 
relationship study  
 
Non Repellent Insecticide Concentrations (ppm) 
Fipronil (Phenyl Pyrazole or fiprole) 1,5, 10, 20, 30, 50 
Indoxacarb (Oxadiazine) 1,5,10,20, 50, 70, 100 
Chlorfenapyr (Pyrroles) 1, 3, 5, 7, 10, 50, 75, 100, 200, 300,500 
Imidacloprid (Neonicotinoid) 1,5,10,20, 50, 70, 100, 200, 300, 400, 500 
Hexaflumuron (I G R) 100, 250, 500, 1000, 5000, 10000 
Lufenuron (I G R) 100, 250, 500, 1000, 5000, 10000 
Petri dishes (9.0 cm dia x 1.5 cm high) provisioned with a pair of 9 cm treated 
circular blotting papers (Millat paper art, Karachi, Pakistan) were used in the studies. 
The blotting papers (0.21 g each) were dipped in appropriate aqueous solutions of the 
termiticide for 5 seconds to yield the selected concentrations of the toxicant in the 
blotting paper. The treated blotting papers were allowed to dry at room temperature, 
moistened with 5 ml of distilled water and were placed in glass Petri dishes (9 cm dia.). 
Recently field collected termites were used in all experients. One hundred workers and 
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three soldiers were exposed to the treated papers in the glass Petri dishes for 24 hours. 
After which the termites were shifted to similar size Petri dishes provisioned with 
untreated blotting paper. Each concentration of tested insecticide and IGR insect 
growth regulator was considered as a treatment and was replicated four times. All the 
Petri dishes were kept in incubator as previously mentioned.  
Mortality data were recorded every 24 hours. ELT50 (Effective Lethal Time to 
kill 50% of the population) and ELT90 (Effective Lethal Time to kill 90% of the 
population) were calculated for each concentration by performing Probit analysis.  
3.4 Deterrence of non-repellent insecticides to H. indicola 
The experimental units were comprised of plastic Petri dishes (9cm dia.) in 
which two rectangular pieces (3 cm x 2 cm) of blotting papers were placed 3 cm apart 
horizontally from eachother, and covered with 30g of sterilized sand (60 mesh size) 
moistened with 20% (w/v) of deionized water. One piece of blotting paper was dipped 
in termiticide solution of various concentrations (w/w) for deterrence studies (Table 
3.4.1). 
Table 3.4.1.  Concentrations of non repellent insecticides for deterrence study 
Non Repellent Insecticide and IGR Concentration (ppm) 
Fipronil (Phenyl Pyrazole or fiprole) 1,5, 10, 20, 30, 50 
Indoxacarb (Oxadiazine) 1,5,10,20, 50, 70, 100 
Chlorfenapyr (Pyrroles) 1, 3, 5, 7, 10, 25, 50, 100 
Imidacloprid (Neonicotinoid) 100, 200, 300, 400, 500 
Hexaflumuron (IGR) 100, 250, 500, 1000, 5000, 10000 
Lufenuron (IGR) 100, 250, 500, 1000, 5000, 10000 
In addition, a second piece was dipped in distilled water to serve as untreated or 
control. Dry weights were determined before the experiment by drying them in oven at 
120°C for six hours. Bottoms of the used Petri dishes were brushed with sand paper to 
facilitate movement of the termites. Eight units were prepared for each termiticide 
concentration. Four units per treatment were dis-assembled and evaluated weekly for 
two weeks. Two hundred workers and five soldiers of H. indicola were placed in each 
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unit and kept as previously noted. After first and second weeks, the units were dis-
assembled.  Used blotting papers were cleaned and dried at 120°C for 6 hours.  
Consumption rates of both the treated and untreated blotting papers in each 
concentration were determined by subtracting the final dry weights from the initial ones 
and were compared using a Paired sample T-test (SPSS Inc., 2007). Data were recorded 
on the number of dead termites and subjected to one-way ANOVA and means were 
separated by Tukey’s HSD test.  
3.5 Transfers rate of non repellent insecticides within conspecific individuals of 
H. indicola 
For the horizontal transfer studies of non-repellent insecticides and IGRs the 
various concentrations (w/w) were tested (Table 3.5.1). 
Table 3.5.1.  Concentrations of non repellent insecticides for transfer rate study 
Non Repellent Insecticide and IGR Concentration (ppm) 
Fipronil (Phenyl Pyrazole or fiprole) 1,5, 10, 20, 30, 50 
Indoxacarb (Oxadiazine) 1,5,10,20, 50, 70, 100 
Chlorfenapyr (Pyrroles) 1, 3, 5, 7, 10, 25, 50, 100 
Imidacloprid (Neonicotinoid) 100, 200, 300, 400, 500 
Hexaflumuron (IGR) 100, 250, 500, 1000, 5000, 10000 
Lufenuron (IGR) 100, 250, 500, 1000, 5000, 10000 
 The test individuals were divided in to two groups: one was designated as 
donors and others as recipients. The recipient termites were dyed by feeding on filter 
paper moistened with 0.1 % Nile Blue A (biological dye) for three days. Whereas the 
termites designated as donors were exposed to different concentrations of all non-
repellent insecticides and IGRs for 24 hours. Donors and recipients termite workers 
were then released together in 1:1 ratio in Petri dishes provided with blotting paper 
(9cm dia.) moisten with 5ml distilled water. In total 50 workers were introduced; 25 
individuals of each group. Each concentration of non-repellent insecticide and IGR was 
replicated four times and considered a treatment. Petri dishes were kept at 27+2°C and 
80% RH in desiccators. Dead donors and recipients were recorded at the end of 
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experiment (10th day). Dead termites including those moribund or partially consumed 
were not removed from the Petri dishes.  
Percent donor’s mortality, recipient’s mortality and dead donors missing 
(assumed to be consumed by fellow termites) were calculated and subjected to one-way 
ANOVA. Means were separated by SNK (Student-Newman-Keuls) test. 
3.6 Foraging behavior of H. indicola in medium treated with non repellent 
insecticides. 
Various concentrations (w/w) of non-repellent insecticides and IGRs were 
tested for the foraging behavior studies of H. indicola workers (Table 3.6.1) 
Table 3.6.1.  Concentrations of non repellent insecticides for foraging behavior 
study. 
Non Repellent Insecticide and IGR Concentration (ppm) 
Fipronil (Phenyl Pyrazole or fiprole) 0.05, 0 .1, 0.3, 0.5, 1 
Indoxacarb (Oxadiazine) 0.5, 1, 5, 20, 50,  
Chlorfenapyr (Pyrroles) 0.1, 0.5, 1, 3, 5, 7 
Imidacloprid (Neonicotinoid) 20, 50,100, 200, 300 
Hexaflumuron (IGR) 100, 250, 500,1000, 5000, 10000  
Lufenuron (IGR) 100, 250, 500,1000, 5000, 10000 
 
Foraging behavior was studied with the help of modified version of method 
described by Su and Scheffrahn (1990). Glass tubes (20 cm long with an inner diameter 
of 2.5cm) were filled with 10 cm (90 g) untreated sand followed by 3 cm (27 gm) 
treated sand on top for creating chemical barrier. One cm (9 gm) of untreated sand was 
used to create a buffering zone to avoid the direct contact of termites with treated sand. 
An empty space of 5 cm on the top was provided with two small strips of bloting paper 
as temporary food for termite workers. The bottom 1 cm end of the tube was plugged 
with cotton swab to hold the weight of filled sand and upper end was sealed with 
aluminum foil paper after introduction of termites. The sand was sieved through series 
of meshes to attain a maximum particle size of 80. Untreated sand was moistened with 
distilled water to yield 20% moisture contents (w/v) whereas treated sand was soaked 
with various concentrations of non repellent insecticides (w/w) such that the moisture 
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contents of sand remained at 20% of sand (w/v). A line was marked around the glass 
tube at the junction of untreated and treated sand with permanent marker. Twenty-five 
termite workers and 2 soldiers were introduced from the top and allowed to tunnel 
freely. The tubes were kept vertically in a tube stand and placed in dark at 27oC + 2oC 
temperature and RH 80%.  
 
The cumulative tunneling distances were measured and both dead and alive 
termites were counted to calculate the mortality by dismantling the glass tubes after 7 
days. Tunneling distances and mortalities were then subjected to ANOVA followed by 
Tukey’s HSD test for separation of means. 
  
3.7 Trail-following behavior of H. indicola after exposure to different doses of 
non-repellent insecticides  
 
Various concentrations (w/w) of non-repellent insecticides and IGRs were 
tested for the trail following behavior studies of H. indicola workers (Table 3.7.1).  
 
Table 3.7.1. Concentrations of non repellent insecticides for trail following 
behavior studies 
  
Non Repellent Insecticide and IGR Concentration (ppm) 
Fipronil (Phenyl Pyrazole or fiprole) 0.05, 0.1, 0.3, 0.5, 1 
Indoxacarb (Oxadiazine) 0.5, 1, 5, 10, 20, 50,  
Chlorfenapyr (Pyrroles) 0.1, 0.5, 1, 3, 5 
Imidacloprid (Neonicotinoid) 10, 20, 50,100, 200 
Hexaflumuron (IGR) 100, 250, 500,1000, 5000, 10000  
Lufenuron (IGR) 100, 250, 500,1000, 5000, 10000 
The volatile compounds in some ink pens are similar in chemical composition 
to the natural trail pheromones. Termite workers can be fooled into following these 
artificial trails. We have taken advantage of this behavior to explore trail following in 
the laboratory. 
Different concentrations in ppm (w/w) of the non-repellent insecticides and 
IGRs were prepared in the laboratory. Stock solution of each insecticide was prepared 
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and the required concentrations were obtained by serial dilutions. Each concentration 
was considered as a treatment and was replicated 10 times along with control. The 
required number of the Petri dishes (9cm dia.) were labeled with permanent marker and 
provided with piece of blotting paper (9cm dia.). All the Petri dishes were washed and 
sterilized at 121oC for 20 minutes prior to the experiment.  Blotting papers were treated 
by dipping all insecticidal solution for 5 sec in order to obtain the selected ppm 
concentrations (w/w). In total twenty termite workers were exposed in each Petri dish 
and all the Petri dishes were kept in complete darkness. After 24 hour exposed termite 
workers were shifted to other labeled Petri dishes provided with untreated blotting 
paper moistened with distilled water.  
A sterilized blotting paper’s strips (15cm long x 5 cm wide) were used to study 
the line following behavior of termite workers. A 12 cm line was drawn on the blotting 
paper using a ballpoint. The line was divided into three portions, i.e. 4, 8, 12 cm. Out of 
20 exposed termite workers, 10 were randomly selected and released individually in 
circular shape plastic color (3 cm diameter × 1 cm high) placed in such a way that a 
small aperture at the bottom end for termite escape was inlined with starting point of 
the ink line or trail. For each individual termite worker new trail was laid on new 
blotting paper’s strip.  
Total time taken by individual termite worker to complete distances of 4, 8 and 
12 cm were recorded by stopwatch. The speed with which termites travalled on trail 
was determined and number (%) of termites which left the trail before 4, 8 and 12 cm 
were recorded and subjected to ANOVA followed by Tukey’s HSD test for mean 
separation.  
3.8 Statistical design 
All the experiments were laid in Completely Randomized Design (CRD) and 
data were analyzed using statistical software SPSS (SPSS Inc., 2007). 
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IV. RESULTS 
 
4.1 CHARACTERIZATION OF FIPRONIL 
4.1.1. Dose-response relationship of fipronil and workers of H. indicola 
The workers of H. indicola when exposed for 24 hours to concentrations of 1, 5, 
10, 20, 30 and 50 ppm of fipronil, a very fast mortality rate was observed for all the 
doses more than 1 ppm. Observable steep slopes indicated very rapid rate of kill at 
doses of 10, 20, 30 and 50 ppm. A dose of 1 ppm however showed a shallow slope 
ultimately reaching 100% mortality in 12 days. The dose of 5 ppm showed an 
intermediate response where an initial fast rate of kill was observed which slowed 
down later, culminating in total mortality at day 8 but in most of the other 
concentrations complete mortality level reached in less than 6 days. At 50 ppm of 
fipronil 100% mortality was achieved in just 3 days as compared to control where 
mortality was almost negligible (Fig. 4.1.1) 
ELT50 (Effective lethal time to kill 50% of the treated termites) was estimated to 
be 7.5, 1.84, 1.41, 1.2, 1.8 and 1.01 days at the doses of 1, 5, 10, 20, 30 and 50 ppm 
respectively. Projected ELT90 (Effective lethal time to kill 90% of the treated termites) 
value was protracted for 1 ppm showed a value of 11.6 days, which was highest 
amongst all the tested concentrations. ELT90 values were recorded as 1.8 to 5.2 days for 
other concentrations ranging from 5 to 50 ppm of fipronil. The 95% CI (confidence 
interval) ranged from 7.02 to 7.9 days at 1 ppm for killing 50% population whereas it 
was calculated as 11.04 to 12.3 days for killing 90% population at the same dose of 1 
ppm and for other tested concentrations it remained less than 6.1 days (Table 4.1.1). 
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 Figure 4.1.1  Mean cumulative mortality of H. indicola workers after exposure to 
various concentrations of fipronil 
 
Table 4.1.1.  Estimated lethal time (days) required for 50% and 90% mortality 
(ELT50, ELT90) and 95% Confidence Interval (CI) of H. indicola 
after exposure to various concentrations of fipronil 
 
Dose 
(ppm) 
ELT50 
estimate 
(days) 
95% CI ELT90 
estimate 
(days) 
95% CI Probit Model 
1 7.5 7.02, 7.9 11.6 11.04, 12.3 ELT  = -2.3+0.31 × dose 
5 1.84 0.021, 3.06 5.2 4.2, 6.1 ELT  = -0.6+0.37 × dose 
10 1.41 0.42, 2.24 2.8 1.9, 3.7 ELT  = -1.2+0.89 × dose 
20 1.2 ND, 3.02 3.7 ND, 5.2 ELT  = -0.6+0.51 × dose 
30 1.8 ND, ND 3.0 ND, ND ELT  = -1.8+1.03 × dose 
50 1.01 ND, ND 1.8 ND, ND ELT  = -1.5+1.50 × dose 
ND= Not determined 
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4.1.2. Deterrence of fipronil to workers of H. indicola  
 At concentration range of 1 - 20 ppm, no significant difference (p value 0.08 - 
0.53) was observed between the consumption of treated and untreated substrate while at 
30 and 50 ppm, termite preferred to feed on untreated blotting paper. Mortality count of 
termite workers, two week after the start of choice or deterrence test indicated an 
overall significant difference (F = 189, p < 0.001). Except for 1 ppm showing 25% 
mortality, there was complete mortality of termites after 2 weeks in all the 
concentrations used (Table 4.1.2). 
Table 4.1.2  Difference in blotting paper consumption by H. indicola between 
untreated blotting paper and those treated with different 
concentrations of fipronil and mortality after two weeks 
 
Dose 
(ppm) 
 
Consumption (mg ) + Mean SE 
t statistics 
(p value) 
Alive termites 
(%) Untreated Treated 
1 5.75 + 1.83 a 4.27 + 1.46 a      0.692 (0.539) 151 + 5.1 a 
5 9.93 + 2.80 a 6.83 + 1.67 a 2.707 (0.073) 0.5 + 0.25 b 
10 7.20  + 1.06 a 5.07 + 2.1 a  0.698 (0.535) 0.5 + 0.25 b 
20 10.30 + 1.85 a 4.35 + 1.21 a 2.578 (0.082) 0 b 
30 9.76 + 0.14 a 6.50 + 0.81 a 4.842 (0.017) 0 b 
50 6.88 + 0.30 a 3.84 + 0.88 a 5.178 (0.014) 0 b 
Means followed by the same letter are not different at p=<0.05 using Tukey HSD test. 
 
4.1.3. Transfers rate of fipronil within conspecific individuals of H. indicola 
 The results of transfer studies aimed at finding the potential of horizontal 
transfer of fipronil from the exposed termite workers (donors) to different 
concentrations and mixed with unexposed termite workers (recipients) for period of ten 
days. Recipient’s mortality ranged from 40% to 71% indicating a strong potential of 
horizontal transfer of fipronil   (F = 4.80, p < 0.007). However all the concentrations 
greater than 1 ppm were able to inflict more than 50% mortality in the untreated 
workers. An overall variability was observed in the number of missing dead donors for 
the concentrations of fipronil used    (F = 21.4, p < 0.0001).  It was observed that a 
higher number of dead donors were missing (The missing individuals are assumed to be 
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consumed by the other workers) in   1 ppm (45%) compared with the rest of the doses 
used. However, there was no significant difference among the other doses for missing 
dead donors (Table 4.1.3). 
Table 4.1.3  Mean cumulative percent mortality of donors and recipients of H. 
indicola in 10 days after mixing the donors treated with different 
concentrations of fipronil 
 
Dose 
(ppm) 
Donor mortality + SE 
(%) 
Recipient mortality + SE 
(%) 
Dead donor missing 
(%) 
1 52 + 4.0 a 30.9 + 10.0 a 45.3 + 4.6  b 
5 81.0 + 5.0 b 69 + 9.9 b 6.08 + 0.9  a 
10 74.6 + 13.3 ab 61.3 + 71.3 ab 20.71+ 0    a 
20 89.3 + 4.8 b 69.3 +1.3 b 19.9 + 5.1  a 
30 87.0 + 4.1 b 71.0 +4.4 b 6.04 + 3.1  a 
50 100 b 58 + 6.2 ab 1.54 + 1.9 a 
Means followed by the same letter are not different at p=<0.05 using SNK test 
 
4.1.4. Foraging behavior H. indicola in medium treated with fipronil 
 Results of foraging behavior studies revealed that regardless of the 
concentrations, termites tunneled in to the treated portion of the sand but mean 
tunneling distance decreased significantly when concentration was raised from 0.05 
ppm to 1 ppm. Maximum tunneling occurred in control (0 ppm) where termites 
tunneled 13 cm and reached to the other end of glass tube filled with sand at the end of 
7 days. At lower concentrations of 0.05 ppm, 0.1 ppm, 0.3 ppm and 0.5 ppm the 
tunneling distances were recorded as 4.6, 4.2, 3.9 and 3.4 cm respectively which were 
significantly higher when compared to smallest tunnel i.e. 0.56 cm made by workers in 
the sand treated with highest concentration of 1 ppm (df = 5, p < 0.0001) (Table 4.1.4). 
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Table 4.1.4 Mean tunneling distance, mean mortality, percent cumulating 
tunneling and percent mortality of H. indicola in sand treated with 
various concentrations of fipronil 
 
Dose 
(ppm) 
Mean Tunneling Distance 
(Total distance 13 cm) 
Mean Mortality 
(Total termites 20) 
Cumulating 
Tunneling 
(%) 
Cumulating 
Mortality 
(%) 
0 13 + 0.0 a  1 + 0.57 a 100 + 0.0 a 5.0 + 2.8 a 
0.05 4.6 + 0.1 b 1.6 + 0.3 a 35.3 + 0.8 b 8.3 + 1.6 a 
0.1 4.2 + 0.3 bc 7.3 + 0.8 b 32.5 + 2.8 bc 36.6 + 4.4 b  
0.3 3.9 + 0.08 bc 10.6 + 1.2 b 30.5 + 0.6 bc   53.3 + 6.0 b 
0.5 3.4 + 0.4 c 14.3 +  1.8 c 26.6 + 3.7 c 71.6 + 9.2 c 
1 0.56 + 0.1 d 16.3 +  1.2 c     4.3 + 1.3 d 81.6 + 6.0 c  
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test 
Looking at the Figure 4.1.2 termites were able to cross the treated sand barrier 
of 3 cm in all the tested concentrations of fipronil except 1 ppm where they tunneled 
very little in treated zone but yet the mortality caused was more than 80% which was 
significantly higher than all the lower concentrations ( df = 5, p < 0.0001). Minimum 
mean mortality i.e. 5% was recorded at 0 ppm or control. Overall it was concluded that 
tunneling was concentration dependent and with the increase in concentration, the 
tunneling length was decreased and vice versa. Similarly mortality was also observed to 
be concentration dependent (Table 4.1.4).  
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Figure 4.1.2  Comparison of mean tunneling length and number of dead workers 
of H. indicola in the sand treated with various concentration of 
fipronil after 7 days  
 
4.1.5. Trail-following behavior of H. indicola after exposure to fipronil 
 Table 4.1.5 showed the percentages of termite workers that reversed or left 
without completing the trail. At 1 ppm higher percentage of termites i.e 70% were not 
able to complete the track and they reversed or left the track. Most of the termites 
(60%) intoxicated with 1 ppm left the trail even before 4 cm and very few were able to 
cross the 8 cm mark on trail, only 30% workers completed trail of 12 cm at 1 ppm. 
Whereas 70 - 90% termite workers successfully followed the trail which were exposed 
upto 0.5 ppm of fipronil, only small percentage i.e. 10 - 30% of termite workers 
reversed or left the trail.  
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Table 4.1.5  Percentages of workers of H indicola treated with various 
concentrations of fipronil which left or reversed before 4, 8 and 12 cm 
trail 
 
Dose 
(ppm) 
Termites reversed or left the trail  
 (%) 
Total number 
of termites 
reversed or left 
trail (%) 
0 – 4 cm      4 – 8 cm   8 – 12 cm  
0 10 10 0 20% a 
0.05 0 20 0 20% a 
0.1 10 0 0 10% a 
0.3 20 0 10 30% a 
0.5 20 10 0 30% a 
1 60 10 0 70% b 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test 
 
Trail following behavior of workers of H. indicola were studied by releasing 
them on 12 cm long track divided in three equal parts. Table 4.1.6 showed the mean 
time (sec) taken by termite workers to complete the distance of 4, 8 and 12 cm. At 0 
ppm (control) and at lower concentrations of 0.05 and 0.1 ppm time taken narrowly 
ranged between 6.15 - 7.70 sec, 10.90 - 14.85 sec and 16.51 - 23.69 sec to complete the 
4, 8 and 12 cm trail respectively. There was no significant difference in time taken by 
the termite workers treated with these concentrations to complete the trails. A slight 
increase in time taken was observed at tested concentrations of 0.3 and 0.5 ppm, where 
termite workers took insignificantly more time to complete the same lengths of trail as 
compared to control. The termite workers exposed to highest tested concentration of 1 
ppm took significantly higher time to complete all the three distances of 4, 8 and 12 cm. 
Over all the concentration and time taken were directly proportional to each other, as 
the concentration increased, time taken was also increased. 
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Table 4.1.6  Time taken by workers of H. indicola treated with different 
concentrations of fipronil to complete 4, 8 and 12 cm trail 
Dose 
(ppm) 
Time taken to complete  
(sec) 
 4 cm trail   8 cm trail   12 cm trail 
0 6.15 + 0.70 a  10.90 + 1.07 a 16.51 + 1.73 a 
0.05 5.85 + 0.77 a 12.15 + 1.98 ab 17.10 + 2.13 a 
0.1 7.70 + 0.79 ab 14.85 + 1.39 ab 23.69 + 2.39 ab 
0.3 11.50 + 1.94 b 22.37 + 1.82 b  36.10 + 4.94 bc 
0.5 11.76 + 1.02 b 20.98 + 3.13 b 35.59 + 4.62 bc 
1 19.46 + 2.34 c 36.39 + 9.00 c 42.74 + 4.66 c 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test 
 
 Mean speed of termite workers of H. indicola treated with different 
concentrations of fipronil at 4, 8 and 12 cm trail is presented in Figure 4.1.3. At lower 
concentrations of 0 and 0.05 ppm mean speed was highest and gradual decrease in it 
was observed as the concentrations increased. At 1 ppm, lowest speeds of 0.21, 0.24 
and 0.28 cm/sec were observed at distances of 4, 8 and 12 cm respectively. Although 
there was an over all decrease in speed from lower to higher concentrations but narrow 
ranges of speeds i.e.  (0.71 - 0.78 cm/sec), (0.77 - 0.80 cm/sec), (0.54 - 0.57 cm/sec), 
(0.36 - 0.37cm/sec),  (0.37 - 0.43 cm/sec) and (0.21 - 0.28 cm/sec) of termites exposed 
to 0, 0.05, 0.1, 0.3, 0.5 and 1 ppm respectively are evident of non-significant 
differences between speeds at intervals of 4, 8 and 12 cm. 
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Figure 4.1.3  Mean speed of termite workers of H. indicola treated with different 
concentrations of fipronil for completing 4, 8 and 12 cm trail 
 
4.2 CHARACTERIZATION OF INDOXACARB 
4.2.1. Dose-response relationship of indoxacarb and workers of H. indicola 
 The workers of H. indicola were exposed for 24 hours on blotting paper treated 
with various concnetrations (ppm) of indoxarab to investigate the dose-response 
relationship. Results showed that increase in mortality was clearly associated with the 
increase of concentrations. At higher concentrations ranging from 50-100 ppm 
complete  mortality(100%) was observed very quickly with in 2-3 days whereas at 
lower concentrations ranging from 1-5 ppm very slow mortality (60%) was observed at 
the end of 19 days. At 10 - 20 ppm intermediate delayed trend of mortality was 
observed where at 19th day about 80% mortality was recorded. However when we 
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compared with control (0 ppm) the  cumulative mean percent mortality was found to be 
significantly higher at all  the tested concentrations of indoxacarb (Fig. 4.2.1).  
 
 
Figure 4.2.1  Cumulative Percent Mortality of H. indicola at various intervals 
after exposure to various concentrations of indoxacarb. 
  
The ELT50 was 23.3 days for 1 ppm and 12.5 days for 5 ppm of indoxacarb. At 10 and 
20 ppm of indoxacarb, the same mortality level was achieved in less than 7 and 6 days 
respectively. The concentrations more than 50 ppm killed 50% of the tested termite 
population in less than 2 days. The ELT90  calculated through probability test ranged 
between a few months to over a  year (167.8 - 373.2 days) for 1 ppm). At 5 ppm, 90% 
mortality was achieved in 49.3 days. ELT50 and ELT90  was 6.7 days and 25.3 days 
respectively at 10 ppm of indoxacarb. While higher concentrations like 50, 70 and 100 
ppm caused 90 % mortality in a very short time i.e. 2.8 - 3.5 days (Table 4.2.1).  
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Table 4.2.1   Estimated lethal time (days) required for 50% and 90% mortality 
(ELT50, ELT90, along with 95% CI) of   H. indicola after exposure to 
various concentrations of Indoxacarb 
Dose 
(ppm) 
ELT50 
(days) 
95% CI EL 90 
(days) 
95% CI Probit Model 
1 23.3 23.3 - 27.4 239 167.8 - 373.2 ELT  = -1.73+1.26 × dose 
5 12.5 11.8 - 13.2 49.3 43.0 - 57.9 ELT = -2.35+2.15 × dose 
10 6.7 6.1 - 7.4 25.3 21.3 - 31.6 ELT  =- 1.85+2.23 × dose 
20 5.5 4.8 - 6.1 27.4 24.0 - 38.6 ELT  = -1.36+1.83 × dose 
50 1.6 1.5 - 1.7 2.9 2.8 - 3.17 ELT  =- 1.00+4.80 × dose 
70 1.5 1.4 - 1.6 3.2 2.9 - 3.4 ELT  =- 0.74+4.03 × dose 
100 1.7 1.6 - 1.8 3.3 3.1 - 3.5 ELT  = -1.0+4.40 × dose 
 
 
4.2.2. Deterrence of Indoxacarb to termite workers of H. indicola  
 
In feeding deterrence test of Indoxacarb, the termites did not distinguish 
between treated and untreated blotting paper in case of all the tested concentrations. 
The consumption of treated and untreated blotting paper was not significantly different 
from each other as indicated by a non-significant p value for paired t-test in the end of 
1st week (p = 0.06 to 0.44) and  2nd week ( p = 0.11 to 0.62) at the concentrations 
ranging from 1 to 100 ppm. The amount of consumption of both treated and untreated 
blotting paper was comparatively more at low concentrations than at high 
concentrations at first week and this trend continued until the end of second week e.g. 
consumption of treated blotting paper at 1 ppm was 16.06 + 0.97 mg whereas it was 
6.23 + 0.5 mg at 100 ppm at the end of 1st week. Similarly rate of consumption was 
more at lower concentrations of 1-50 ppm than 70 and 100 ppm as we progressed from 
1st week to 2nd week. For example, the consumption of treated paper was 16.06 + 0.97 
mg at lowest tested concentrations of 1 ppm at the end of 1st week which doubled to 
32.73+ 0.95 mg at the end of 2nd week whereas at highest tested concentrations of 100 
ppm, consumption of treated paper recorded was 6.23 + 0.5 mg at the end of 1st week 
and 9.16 + 0.55 in 2nd week (Table 4.2.2 & Table 4.2.3). 
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Table 4.2.2  Difference in blotting paper consumption by H. indicola between 
untreated paper and those treated with different concentrations of 
indoxacarb after one week 
 
Dose 
(ppm) 
Consumption (mg ) Mean +  SE t statistics 
( p value) 
Untreated Treated 
1 17.63 + 0.46 a 16.06 + 0.97 a  1.09 (0.38) 
5 16.73 + 0.78 ab 14.86 + 0.43 ab 2.93 (0.10) 
10 16.16 + 0.67 ab 13.86 + 0.76 abc 3.17 (0.09) 
20 14.66 + 0.29 bc 11.13 + 1.0 bcd 3.47 (0.07) 
50 12.36 + 0.61 c 10.56 + 1.3 cd 1.4 (0.30) 
70 12.46 + 0.63 c 08.36 + 0.51 de 3.83 (0.06) 
100 07.16+ 0.44 d 06.23 + 0.5 e 0.94 (0.44) 
*Means followed by the same letter are not different at p=<0.05 using Tukey HSD test. 
 
Table 4.2.3  Difference in blotting paper consumption by H. indicola between 
untreated paper and those treated with different concentrations of 
indoxacarb after two weeks 
 
Dose 
(ppm) 
Consumption (mg ) Mean +  SE t statistics 
( p value) 
Untreated Treated 
1 32.93+ 0.80 a 32.73+ 0.95 a 0.57 (0.62) 
5 32.33+0.76 a 30.76+0.12 a 1.86 (0.20) 
10 24.23+ 0.89 b 21.83+0.99 b 3.94 (0.59) 
20 22.60+0.81 bc 18.40+0.80 bc 2.74 (0.11) 
50 19.26+0.52 c 16.50+0.78 cd 2.13 (0.16) 
70 14.36+0.62 d 11.8+0.77 de  2.06 (0.17) 
100 09.76+0.49 e 9.16+0.55 e 0.57 (0.62) 
Means followed by the same letter are not different at p=<0.05 using Tukey HSD test. 
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When total consumption (treated plus untreated blotting paper) was compared 
with mortality at various concentrations of indoxacarb it was observed that 
consumption decreased as the concentration increased thus morality increased with the 
increase in concentrations. The effective concentrations that led to almost 100% 
mortality of H. indicola in the deterrence test at the end of second week were 70 and 
100 ppm. Although total consumption was significantly higher at lower concentrations 
of 1 to 50 ppm but still mortality did not exceed than 40% even after two weeks. 
Significant increase in mortality was observed both at 70 and 100 ppm from 1st to 2nd  
week i.e. at the end of 1st week mortality at both of these concentrations was less than 
50% which increased significantly and reached near 100% at the end of 2nd week (Fig. 
4.2.2). 
 
 
 
Figure 4.2.2  Total consumption of blotting paper (untreated plus treated) and 
percent mortality caused at different concentrations of Indoxacarb 
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4.2.3. Transfer rate of indoxacarb within conspecific individuals of H. indicola. 
For horizontal transfer studies of indoxacarb, donor workers were treated with 
different concentrations and released with untreated recipient workers for the period of 
10 days. Results revealed that donor’s mortality was more than 50% at concentrations 
equal and higher than 5 ppm. At 50 ppm donor mortality was 97% whereas complete 
i.e. 100% mortality was recorded at 70 and 100 ppm of indoxacarb which was 
significantly higher when compared with 5% mortality at 0 ppm orcontrol (F = 139.7, p 
< 0.0001).  
Although high donor’s mortalities were recorded at most of tested 
concentrations of indoxacarb but recipient mortality remained less than 50% at all the 
concentrations equal or less than 50 ppm. Only at 70 and 100 ppm recipieint’s mortality 
recorded was 93 and 99% respectively, which showed the significant transfer of 
indoxacarb from donors to recipients. Whereas 97% donor’s mortality at 50 ppm did 
not translated in to significant recipient’s mortality and only 48% recipients were found 
dead. At 0 to 20 ppm the recipient mortality ranged from 5% to 33% respectively which 
was significantly lower than mortality at effective concentrations of 70 and 100 ppm of 
indoxacarb (F = 160.6  p< 0.0001).   
An overall variability was recorded in missing dead donors, which were 
supposed to be consumed by recipient workers. Percentage of missing dead donors 
significantly decreased with the increase of concentrations (F = 10.6, p < 0.0001). 
Lowest number of missing dead donors (14%) was recorded at 100 ppm as compared to 
the highest (75%) at control (Table 4.2.4). 
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Table 4.2.4   Mean cumulative percent mortality of donors and recipients of H. 
indicola in 10 days after mixing the donors treated with different 
concentrations of Indoxacarb  
 
Dose 
(ppm) 
Donor mortality + SE 
(%) 
Recipient mortality + SE 
(%) 
Dead donor missing 
(%) 
0 6.0 + 1.1 a 5.0 + 1.0 a 75.0 + 14.4 a 
1 30.0 + 4.1 b 5.0 + 2.5 a 47.5 + 4.8 b 
5 55.0 + 5.0 c 6.0 + 1.1 a 53.2 + 3.1 bc 
10 64.0 + 2.8 d 24.0 + 3.6 b 43.3 + 5.1 bc 
20 76.0 + 3.6 e 33.0 + 4.4 c 45.7+ 4.1 bc 
50 97.0 + 1.9 f 48.0 + 4.3 d 25.7+ 1.6 cd 
70 100 + 0.0 f 93.0 + 3.4 e 20.0+ 1.6 d 
100 100 + 0.0 f 99.0 + 1.0 e 14.0+ 2.5 d 
Means followed by the same letter are not different at p=<0.05 using SNK test 
4.2.4. Foraging behavior of H. indicola in medium treated with Indoxacarb 
Results of foraging behavior showed that termites tunneled freely in the sand 
barrier (3cm long) treated with lower concentrations of 0.5 and 1 ppm of indoxacarb 
and afterwards they also tunneled in untreated section of sand. Total tunneling length 
recorded was 7.2 + 0.15 cm (55.3% of total length) and 3.6 + 0.24 cm (28.2% of total 
length) at 0.5 and 1 ppm of indoxacarb respectively. At 5 ppm termites tunneled 1.3 + 
0.23 cm (10% of total length) in the treated sand but they were not able to cross treated 
zone. Whereas termites tunneled less than 0.4cm (3%) in the sand treated with 20 ppm 
and 50 ppm, which was significantly less than control and other lower concentrations 
(Table 4.2.5).    
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Table 4.2.5 Mean tunneling distance, mean mortality, percent cumulating 
tunneling and percent mortality  of H. indicola in sand treated with 
various concentrations of Indoxacarb 
 
Dose 
(ppm) 
Mean Tunneling Distance 
(total distance 13 cm) 
Mean Mortality 
(total termites 20) 
Cumulating 
Tunneling 
(%) 
Cumulating 
Mortality 
(%) 
0 13 + 0.0 a  1.0 + 0.57 a 100 + 0.0 a 5.0 + 2.8 a 
0.5 7.2 + 0.15 b 4.6 + 1.20 ab 55.3 + 1.1 b 23.3 + 6.0 ab 
1 3.6 + 0.24 c 6.0 + 1.52 ab 28.2 + 1.8 c 30.0 + 7.6 ab 
5 1.3 + 0.23 d 9.0 + 1.15 b 10.0 + 1.7 d 45.0 + 5.7 b 
20 0.4 + 0.10 e 15.3 + 2.02 c 3.0 + 0.7 e 76.6 + 10.1 c 
50 0.1 + 0.03 e 20.0 + 0.0 c     1.0 + 0.2 e 100 + 0.0 c 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test 
 
 
In comparison of number of dead termites and total tunneling length (Figure 
4.2.3) it was obvious that termite workers just tunneled 0.1 cm in the sand treated with 
50 ppm and all the 20 termites were found dead at the end of seven days. It was a 
similar case at 20 ppm where 16 termites were dead out of total 20 termites after a 
week and tunneling length was only 0.4 cm. At all the concentrations lower than 20 
ppm mortality recorded was less than 10 per total 20 termites and tunneling length was 
significantly lower than at control (0 ppm) but greater than 20 and 50 ppm (d f = 5, p < 
0.0001).    
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Figure 4.2.3.  Comparison of mean tunneling length and number of dead workers of 
H. indicola in the sand treated with various concentration of 
Indoxacarb after 7 days 
 
 
4.2.5. Trail-following behavior of H. indicola after exposure to indoxacarb 
The workers of H. indicola were treated with various concentrations of 
indoxacarb and released one by one on 12cm long trail to investigate the trail following 
behaviour. Table 4.2.6 presents the percentages of termite workers, which reversed or 
left the trail and were not able to complete distances of 4, 8 or 12 cm. At highest tested 
concentration of 50 ppm it was observed that not even a single termite worker was able 
to complete the trail and all workers (100%) left the trail even before 4 cm in 
comparison to control (0 ppm) where only 20% workers left the trail before completion 
of trail. At 0.5 ppm 10% termite workers left the trail before 12cm distance. At all other 
tested concentrations of 1 to 20 ppm, 30% termite workers did not able to complete the 
trail and left or reversed on trail before 4cm and rest of the 70% treated workers 
completed the whole distance of 12 cm.   
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Table 4.2.6.  Percentages of workers of H indicola treated with various 
concentrations of indoxacarb which left or reversed on 4, 8 and 12 
cm trail 
 
Dose 
(ppm) 
Termites reversed or left the trail  
(%) 
Total number of 
termites reversed 
or left trail (%) 0 – 4 cm  4 – 8 cm  8 – 12 cm 
0 10 0 10 20% a 
0.5 0 0 10 10% a 
1 30 0 0 30% a 
5 30 0 0 30% a 
10 30 0 0 30% a 
20 30 0 0 30% a 
50 100 0 0 100% b 
Means followed by the same letter are not different at p=<0.05 using Tukey HSD test. 
 
Mean time taken (seconds) by the termite workers to complete the 4, 8 and 12 
cm long trail are presented in Table 4.2.7. The untreated termite workers completed the 
distances of 4, 8 and 12cm in 6.15, 10.90 and 16.51 seconds respectively whereas at 
highest tested concentration of 50 ppm termite workers were not able to walk after the 
exposure to indoxacarb and ultimately failed to complete the trail. Overall with the 
increase of dose up to 10 ppm, there was very little increase in time taken by termites to 
complete the trail. Only at 20 ppm did termites take significantly more time i.e. 11.98, 
19.61, 27.27 seconds than control to complete the distances of 4, 8 and 12 cm. At all 
the other tested concentrations of 0.5 to 10 ppm, time taken to complete the trail was 
non-significantly different from control. Similarly time recorded at 0.5 to 10 ppm at 
intervals of 4, 8, 12 cm was not significantly different. Overall it was recorded that 
increase in dose resulted in non-significant increase in time taken to complete the trail. 
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Table 4.2.7  Time taken by termite workers of H. indicola treated with different 
concentrations of Indoxacarb to complete 4, 8 and 12 cm trail 
 
Dose 
(ppm) 
Time taken to complete  (sec) 
4 cm trail  8 cm trail  12 cm trail  
0 6.15 + 0.70 a  10.90 + 0.94 a 16.51+ 1.73 a 
0.5 6.22 + 0.63 a 12.01 + 1.25 ab 18.55 + 1.59 a 
1 9.14 + 1.18 ab 13.35 + 1.29 ab 20.21 + 1.65 ab 
5 9.67 + 0.98 ab 16.19 + 1.51 abc 22.93 + 1.93 ab 
10 10.40 + 1.32 ab 16.56 + 1.28 bc 23.43 + 1.77 ab 
20 11.98 + 2.01  b 19.61 + 1.25 c 27.27 + 1.83 b  
50 ND ND ND 
Means followed by the same letter are not different at p=<0.05 using Tukey HSD test 
ND= Not Determined 
 
Mean speed of termite workers of H. indicola treated with various 
concentrations of indoxacarb to complete the 4, 8 and 12 cm distances on trail are 
presented in Figure 4.2.3. Results revealed that speed of untreated termite workers and 
those treated with 0.5 ppm at the distances of 4, 8, and 12 cm were non-significantly 
different from each other. But the gradual decrease in speed was recorded with the 
increase in the concentrations from 1 to 20 ppm. To complete the whole length of 12cm 
of trail, termite workers mean speed recorded at 1 ppm was 0.56cm/sec, which 
decreased not significantly to 0.43 cm/sec at 20 ppm. At 50 ppm termite workers did 
not able to even cross the first distance of 4cm so their speed were not determined. 
Although there was declining trend in speed from higher to lower concentrations but 
narrow range of 0.70 - 068 cm/sec at 0.5 ppm, 0.49 - 0.56 cm/sec at 1 ppm, 0.45 - 0.48 
cm/sec at 5 ppm, 0.43 - 48 cm/sec at 10 ppm and 0.39 - 0.43 cm/sec at 20 ppm at the 
intervals of 4, 8 and 12 cm were due to non-significant difference in mean speeds at 
some particular concentration.  
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Figure 4.2.3  Mean speed of termite workers of H. indicola treated with different 
concentrations of indoxacarb for completing 4, 8 and 12 cm trail 
 
4.3 CHARACTERIZATION OF CHLORFENAPYR 
4.3.1. Dose-Response Relationship of Chlorfenapyr against H. indicola 
Workers of H. indicola were exposed for 24 hours to two ranges of 
chlofenapyr’s concentrations. Higher concentrations ranging from 10 to 500 ppm were 
evaluated and all the concentrations led to complete mortality (100%) of exposed 
workers within 2 - 3 days. Concentrations of 100 ppm or above caused 90% mortality 
in less than 1 day whereas 50 and 75 ppm of chlorfenapyr caused same mortality in less 
than 2 days.  
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Figure 4.3.1   Cumulative percent mortality of H. indicola at various intervals 
after exposure to higher concentrations of chlorphenapyr 
 As a result of mortality being more rapid than expected on the higher 
concentrations, additional toxicity tests were then repeated with lower concentrations of 
chlorfenapyr ranging from 1-7 ppm. The concentration of 1 ppm led to a complete 
mortality within a maximum of 9 days, whereas ELT50 and ELT90 was recorded as 2.7 
and 8.6 days respectively (Table 2). At 3 ppm complete mortality of H. indicola 
occured within 6 days of exposure but it took less than 1 day to kill 50% population and 
less than 2 days to kill 90% population. Quick rate of mortality was also observed in all 
the concentrations above than 1 ppm. At 5 ppm and 7 ppm complete (100%) mortality 
occurred in less than 2 days of exposure (Fig. 4.3.1)  
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Table 4.3.1.  Estimated lethal time (days) required for 50% and 90% mortality 
(ELT50, ELT90, along with 95% CI) of   H. indicola after exposure to 
various concentrations of Chlorfenapyr 
 
Dose 
(ppm) 
ELT50 
estimate 
(days) 
95% CI ELT90 
estimate 
(days) 
95% CI Probit Model 
1 2.7 1.9 - 3.4 8.6 6.3 - 14.5 ELT  = -1.09+2.53 × 
dose 
3 0.4 0.3 - 0.6 1.4 1.2 - 1.7 ELT =  0.87+2.40 × dose 
5 0.4 0.2 - 05 1.0 0.8 - 1.1 ELT  = 1.26+3.89 × dose 
7 0.5 0.3- 0.6 1.0 0.9 - 1.1 ELT  = 1.20+4.11 × dose 
 
 
 
Figure 4.3.2.  Cumulative percent mortality of H. indicola at various intervals 
after exposure to lower concentrations of chlorphenapyr 
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4.3.2. Deterrence of chlorfenapyr to termite workers of H. indicola  
 
The Chlorphenapyr proved to be a non-deterrent termiticide at all the 
concentrations up to week one as it is obvious from non-significant p values (p = 0.28 - 
0.86) of paired sample t-test (Table 4.3.2). After one week consumption of treated 
blotting paper was almost same at concentrations ranging from 3 to 25 ppm. Highest 
consumption (20 mg) of treated blotting paper was recorded at 1 ppm and lowest 
consumption (11.36 mg) was measured at 100 ppm.   
 
Table 4.3.2.  Difference in blotting paper consumption by H. indicola between 
untreated paper and those treated with different concentrations of 
chlorfenapyr after one week 
 
Dose 
(ppm) 
Consumption (mg ) Mean +  SE t statistics ( p value) 
Untreated         Treated 
1 22.06 + 0.83 a 20.00 + 0.94 a 1.45 (0.28) 
3 16.96 + 0.44 bc 18.90 + 0.72 ab -2.88 (0.10) 
5 20.56 + 0.71 ab 18.93 + 0.86 ab 1.04 (0.40) 
7 16.90 + 0.98 bc 16.20 + 0.55 bc 0.60 (0.60) 
10 14.30 + 0.96 cd 16.50 + 0.66 bc -1.38 (0.30) 
25 14.43 + 063 cd 15.46 + 0.66 bc -0.9 (0.46) 
50 13.36 + 0.78 cd 13.63 + 0.64 cd -0.18 (0.86) 
100 12.93 + 0.80 d 11.36 + 0.48 d 1.22 (0.34) 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test. 
All the tested concentrations proved to be non-deterrent (p = 0.21 - 0.98) after 
two weeks except 100 ppm where there was significantly (p < 0.02) lesser consumption 
(13.57 mg) on treated blotting paper than consumption (21.26 mg) of untreated one. 
Significantly highest consumption was recorded at 1 ppm (48.20 mg) followed by 3 
ppm (31.33 mg). At concentrations ranging from 5 to 50 ppm consumption was non-
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significantly different from each other but was significantly higher than 100 ppm and 
lesser than 1 and 3 ppm (Table 4.3.3).  
 
Table 4.3.3. Difference in blotting paper consumption by H. indicola between 
untreated paper and those treated with different concentrations of 
chlorfenapyr after two weeks 
 
Dose 
(ppm) 
Consumption (mg ) Mean +  SE t statistics ( p value) 
Untreated         Treated 
1 50.86 + 1.02 a 48.20 + 0.70 a 1.79 (0.21) 
3 32.00 + 1.17 b 31.33 + 1.17 b 0.33 (0.76) 
5 26.26 + 0.72 c 24.10 + 1.2 c 1.32 (0.31) 
7 26.33 + 1.3 c 25.00 + 0.78 c 0.70 (0.55) 
10 26.23 + 0.8 c 25.47 + 0.69 c 0.67 (0.56) 
25 20.66 + 1.29 d  21.87 + 0.78 c -0.58 (0.61) 
50 21.96 + 1.03 cd 21.93 + 0.93 c 0.01 (0.98) 
100 21.26 + 1.23 cd 13.57 + 0.29 d 5.78 (0.02) 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test. 
 
However, mortality recorded in the deterrence tests did not exceed than 25% 
and 60% after 1st and 2nd week respectively, even at highest tested concentration of 100 
ppm of chlorfenapyr (Fig. 4.3.3). Total consumption of untreated and treated blotting 
paper decreased with the increase of concentrations. At maximum total consumption 
(100.8 mg) at 1 ppm the mortality was almost negligible after two weeks. Regardless of 
the consumption mortality did not exceeded more than 40% at all the concentrations up 
to 50 ppm even after two weeks. 
 53 
  
Figure 4.3.3    Total consumption of blotting paper (untreated plus treated) and 
percent mortality caused at different concentrations of chlorfenapyr 
 
4.3.3. Transfer rate of chlorfenapyr within conspecific individuals of H. indicola. 
Transfer studies were conducted to confirm the potential of chlorfenapyr to 
transfer horizontally from treated workers (donors) to untreated workers (recipient). 
Results showed 100% donor’s mortality within 10 days after exposure to 
concentrations ranging from 3 to 10 ppm. At 1 ppm the mortality was 98%, which was 
non-significantly different than mortality at higher concentrations (3 -10 ppm). But at 0 
ppm (control) donor mortality was 6% which was significantly low as compared to all 
the other tested concentrations (df = 5, p < 0.0001). 
As compared to the donor’s mortality, recipient’s mortality was very low at all 
the tested concentrations showing low transfer of chlorfenapyr except at 1 ppm where 
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mortality reached up to 82% after 10 days indicating significant transfer of toxicant. 
Recipient’s mortality ranged from 5% to 11% when they were released with the donors 
exposed to concentration ranging from 3 to 10 ppm (df = 5, p < 0.0001). Only 1 ppm 
appeared to be effective concentration with significant transfer results from donor to 
recipient workers of H. indicola (Table 4.3.4). 
Missing dead donors were assumed to be consumed by other fellow recipients 
were non-significantly different in all the tested concentrations (30 - 36%). Only at 0 
ppm, number of missing dead donors recorded were significantly higher (75.0 + 14.4) 
than all the other concentrations (df = 5, p < 0.001) (Table 4.3.4). 
Table 4.3.4.  Mean cumulative percent donors and recipient’s mortality after 10 
days of releasing recipients with donors treated with different 
concentrations of chlorfenapyr 
  
Dose 
(ppm) 
Donor mortality + SE 
(%) 
Recipient mortality + SE 
(%) 
Dead donor missing 
(%) 
0 6.0 + 1.1 a 5.0 + 1.0 a 75.0 + 14.4 a 
1 98.0 + 1.1 b 82.0 + 2.5 b 31.6 + 3.1 b 
3 100 + 0.0 b 11.0 + 1.9 a 30.0 + 2.5 b 
5 100 + 0.0 b 6.0 + 2.0 a 32.0 + 3.6 b 
7 100 + 0.0 b 6.0 + 1.1 a 32.0 + 4.3 b 
10 100 + 0.0 b 7.0 + 1.9 a 36.0 + 3.6 b 
Means followed by the same letter are not different at p=<0.05 using SNK test 
 
 
4.3.4. Foraging behavior of H. indicola in medium treated with Chorfenapyr 
Foraging behavior of H. indicola workers was investigated in the sand treated 
with different concentrations of chlorfenapyr. Results showed that at all the tested 
concentrations of termites tunnelled into the treated sand were significantly different (p 
< 0.0001). In untreated sand or at 0 ppm termites tunneled through complete length i.e. 
13 cm but in all the other concentrations they were able to tunnel the complete length. 
At 0.1 ppm percent tunneling length was 61.2 % of total length followed by 44.1, 40.5, 
and 24.8% at 0.5, 1 and 3 ppm respectively. Comparatively small tunneling lengths 
were recorded at 5 and 7 ppm (Table 4.3.5).  
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Table 4.3.5.  Mean tunneling distance, mean mortality, percent cumulating 
tunneling and percent mortality of H. indicola in sand treated with 
various concentrations of chlorfenapyr 
 
Dose 
(ppm) 
Mean Tunneling Distance 
(Total distance 13 cm) 
Mean Mortality 
(Total termites 20) 
Cumulating 
Tunneling 
(%) 
Cumulating 
Mortality 
(%) 
0 13 + 0.0 a  1 + 0.57 a 100 + 0.0 a 5.0 + 2.8 a 
0.1 7.9 + 0.39 b 1.6 + 0.33 a 61.2 + 3.0 b 8.3 + 1.6 a  
0.5 5.7 + 0.56 c 3.0 + 0.57 a 44.1 + 4.3 c 15.0 + 2.8 a 
1 5.2 + 0.40 c 18.3 + 0.88 c  40.5 + 3.1 c 91.6 + 4.4 c 
3 3.2 + 0.29 d 14.3 +  0.66 b 24.8 + 2.2 d 71.6 + 3.3 b 
5 2.2 + 0.37 de 14.6 + 0.66 b   16.9 + 2.9 de 73.3 + 3.3 b 
7 0.66 + 0.18 e 15.0 + 0.57 b   05.1 + 1.4 e 75.0 + 2.8 b 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test. 
Figure 4.3.4 further illustrated the relationship of mean tunneling length with 
mean mortality at the end of 7 days. Up to 3 ppm of concentration termites tunneled 
across the treated zone or barrier of 3 cm and further tunneled into the untreated sand. 
At 5 and 7 ppm termites tunneled little i.e. 0.6 – 2.2 cm into the treated sand but were 
not able to cross the treated length of 3 cm. Mean mortality recorded was as low as 1.6 
and 3 at lower concentrations of 0.1 and 0.5 ppm respectively. Maximum mean 
mortality i.e. 18.3 was recorded at 1 ppm, which was significantly higher than 14.3, 
14.6 and 15 at 3, 5 and 7 ppm respectively (p < 0.0001).  Mortality was negligible at 
lower concentrations of 0, 0.1 and 0.5 pmm whereas tunneling length was significantly 
higher at these concentrations. 
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Figure 4.3.4.  Comparison of mean tunneling length and number of dead workers 
of H. indicola in the sand treated with various concentration of 
chlorfenapyr after 7 days 
 
4.3.5. Trail Following behavior of H. indicola after exposure to chlorfenapyr 
Percentages of termite workers, which reversed or left the trail before 4, 8 or       
12 cm are presented in Table 4.3.6. At highest tested concentration of 5 ppm it was 
observed that 80% termite workers did not completed the trail and they reversed or left 
the trail even before 4 cm, thus only a small percentage (20%) were able to complete 
the trail of 12 cm. At 3 ppm, 20% termites left the trail before 4 cm and another 20% 
left the trail after 8 cm, so overall 40% termite workers did not complete the trail. At 
0.5 and 1-ppm total 30% termites left or reversed back on the trail. At lowest tested 
concentration of   0.1 ppm and control (0 ppm) only 20% termites left the trail while a 
higher percentage of 80% were able to complete the trail. 
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Table 4.3.6 Percentages of workers of H indicola treated with various 
concentrations of chlorfenapyr which left or reversed on 4, 8 and 12 
cm trail 
 
Dose 
(ppm) 
Termites reversed or left the trail 
(%) 
Total number 
of termites 
reversed or left 
trail (%)  0 – 4 cm  4 – 8 cm  8 – 12 cm  
0 10 0 10 20% a 
0.1 10 10 0 20% a 
0.5 30 0 0 30% a  
1 20 10 0 30% a 
3 20 20 0 40% a 
5 80 0 0 80% b 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test. 
 
The workers of H. indicola were treated with various concentrations of 
chlorfenapyr and released on 12cm long trail to study the trail following behaviour. 
Time taken (seconds) by the termite workers to complete the 4, 8 and 12 cm trail are 
presented in Table 4.3.7.  At control or 0 ppm termite worker took 6.15, 10.90 and 
16.51 seconds to complete the distance of 4, 8 and 12cm respectively whereas at 
highest tested concentration of 5 ppm termite workers took significantly higher time i.e. 
24.11, 34.38 and 44.04 seconds to complete the all three distances respectively. At 0.1 
ppm time taken to complete the trail was non-significantly different from control at all 
the three intervals. Similarly time recorded at 0.5 - 1 ppm at all intervals was almost 
same. At 3 ppm time taken to complete the trail up to 4 cm was significantly lower than 
5 ppm but as the distance increased to 8 cm and 12 cm, difference between the times 
taken became insignificant. Overall it was observed that as the dose decreased, time 
taken to complete the track was also decreased. 
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Table 4.3.7.  Time taken by termite workers of H. indicola treated with different 
concentrations of Chlorfenapyr to complete 4, 8 and 12 cm trail 
 
Dose 
(ppm) 
Time taken to complete  
(Sec) 
4 cm trail  8 cm trail 12 cm trail  
0 6.15 + 0.70 a  10.90 + 1.07 a 16.51+ 1.73 a 
0.1 8.48 + 0.61 ab 16.03 + 1.23 ab 23.78 + 2.01 ab 
0.5 11.16 + 1.15 bc 20.78 + 1.01 bc 28.59 + 0.95 b 
1 13.20 + 1.94 bc 22.22 + 1.60 bc  32.15 + 1.31 bc 
3 14.35 + 1.14 c 27.65 + 2.20 cd 38.73 + 2.06 cd 
5 24.11 + 0.12 d 34.38 + 1.85 d 44.04 + 1.19 d  
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test. 
Mean speed of termite workers of H. indicola to complete the 4, 8 and 12cm 
trail are presented in Figure 4.3.5. Results revealed that speed of termite workers 
decreased with the increase of concentration of chlorfenapyr. At 0 ppm maximum 
average speeds i.e. 0.71, 0.78, 0.78 cm/sec were recorded at 4, 8 and 12 cm respectively 
whereas minimum average speeds i.e. 0.17, 0.23, 0.27 cm/sec were recorded at highest 
tested concentration of 5ppm. These results indicated the gradual decrease in speed 
with the increase in the concentrations from 0 to 5 ppm. Although there was declining 
trend in speed from higher to lower concentrations, over all the differences were very 
small in i.e. 0.49, 0.52, 0.53 cm/sec at 0.1 ppm, 0.38, 0.38, 0.42 cm/sec at 0.5 ppm, 
0.32, 0.37, 0.37 cm/sec at 1 ppm, 0.29, 0.29, 0.31 cm/sec at 3 ppm at the distances of 4, 
8, and 12 cm. Only at 5 ppm did the speed significantly varied from 0.17 cm/sec at 4 
cm to 0.27 cm/sec at 12 cm.  
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Figure 4.3.5. Mean speed of termite workers of H. indicola treated with different 
concentrations of chlorfenapyr for completing 4, 8 and 12 cm trail 
 
4.4 CHARACTERIZATION OF IMIDACLOPRID  
4.4.1. Dose-response relationship of imidacloprid and workers of H. indicola 
Studies were initiated with the lower concentrations of Imidacloprid and 
preliminary doses of 1, 5, 10, 20, 50 and 70 ppm were evaluated to determine the dose 
response relationship between imidaloprid and Heterotermes indicola Wasmann 
workers. After 20 days, concentrations of 1 to 10 ppm showed significantly lower 
mortalities i.e. 20 – 30% as compared to mortalities caused by doses exceeding than 20 
ppm. But over all mortality rate also remained low, even at the highest doses of 50 and 
70 ppm, maximum mortality over a period of three weeks did not exceed than 60% 
(Fig. 4.4.1).  
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Figure 4.4.1  Cumulative percent mortality of H. indicola workers at various 
intervals after exposure to lower concentrations of Imidacloprid 
 
Mortality rate at the end of 20 days showed overall significant difference of the 
concentrations used (F = 3.3, p = 0.02) but the maximum mortality caused over a 
period of three weeks did not exceed 60% showing inadequacy of the lower levels of 
toxicant used in our study (Table 4.4.1). 
Table 4.4.1  Comparison of H. indicola mortality 20 d after exposure to lower 
concentrations of Imidacloprid 
 
Dose  (ppm) Mortality (%) at day 20 
1 32.8 + 11.1 ab 
5 21.1 + 11.3 a 
10 27.7 + 9.9 ab 
20 52.05 + 5.5 b 
50 59.9 + 8.0 c 
70 54.8 + 5.1 b 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test 
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Although there was a progressive rate of kill over time, the doses were too low 
to cause significant mortality in the termite workers. ELT50 (Effective lethal time to kill 
50% of the termites) varied from 16.43 days to 25 days for the doses ranging from 
lowest concentration of 1 ppm to highest of 70 ppm (Table 4.4.2). Although ELT90 
(Effective lethal time to kill 90% of the termites) for Imidacloprid ranged between 32 
days to 44 days but interpretation of these values are not solid as the actual mortality in 
the experiment did not exceed 60% and extrapolating the lethal time beyond the 
observed mortalities is not recommended. Therefore another experiment was conducted 
with higher doses of Imidacloprid. 
Table 4.4.2. Estimated lethal time (days) required for 50 and 90% mortality 
(ELT50, ELT90  along with 95% CI) of H. indicola after exposure to 
lower concentrations of Imidacloprid 
 
Dose 
(ppm) 
ELT 50 
estimate 
(days) 
95% CI ELT 90 
estimate 
(days) 
95% CI Probit Model 
1 23.1 21.2, 27.6 44.5 31.5, 49.7 ELT  = -2.2 + 0.09×dose 
5 28.9 24.7, 44.7 44.5 34.6,60.1 ELT  = -2.5 + 0.06×dose 
10 25.5 22.8, 31.2 40.6 33.8, 57.6 ELT = -1.2 + 0.89×dose 
20 18.2 16.8, 14.5 32.5 29.2, 38.7 ELT  = -1.6 + 0.08×dose 
50 17.3 14.7, 18.9 32.8 29.8, 38.5 ELT = -1.4 + 0.08×dose 
70 16.43 13.1, 18.6 32.4 13.1, 18.6 ELT = -1.3 + 0.08×dose 
 
In the next series of experiments, higher doses of 100, 200, 300, 400 and 500 
ppm of Imidacloprid were evaluated. Mortality trends are shown in Fig.4.4.2. It was 
clear form results that all the doses higher than 100 ppm resulted in significant worker’s 
mortality (> 80%) within a period of 12 days.  All the doses higher than 100 ppm did 
not differ significantly from each other. Probit analysis of the data showed ELT50 
values in range of 4 to 8 days (Table 4.4.3) whereas ELT90 values ranged from 8 to 16 
days. Looking at the values of 95% confidence interval, a dose of 100 ppm may take 12 
to 27 days to inflict 90% mortality after the termites get a chance to feed on the treated 
substrate. At a dose of 500 ppm may vary from 6 to 10 days to achieve the same 
mortality level.  
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Fig.4.4.2.  Cumulative mortality of H. indicola after exposure to higher 
concentrations of Imidacloprid 
 
 
Table 4.4.3. Estimated lethal time (days) required for 50 and 90% mortality 
(ELT50, ELT90 along with  95% CI) of H. indicola after exposure to 
higher concentrations of Imidacloprid 
 
Dose 
(ppm) 
ELT 50 
estimate 
(days) 
95% CI ELT 90 
estimate 
(days) 
95% CI Probit Model 
100 7.6 0, 11.4 15.6 11.7, 26.7 ELT  = -1.27 + 0.16×dose 
200 4.3 2, 7.3 9.4 6.6,14.9 ELT  = -1.1 + 0.25×dose 
300 4.3 0, 6 9.1 7.2, 11.6 ELT = -1.1 + 0.26×dose 
400 4.2 2.2, 5.5 8.3 7.3, 9.5 ELT  = -1.3 + 0.31×dose 
500 4.0 0, 5.5 7.8 5.9, 10.1 ELT = -1.3 + 0.33d×ose 
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4.4.2. Deterrence of imidacloprid to workers of H. indicola  
Deterrence studies showed that termites consumed significantly lesser amount 
of blotting paper treated with all the concentrations of Imidacloprid except 100 ppm 
where the difference was not significant (p < 0.14) from the consumption of untreated 
paper. Therefore, imidacloprid was non-deterrent only at 100 ppm but the mortality 
recorded less than 50%. At concentration rates of 200 to 500 ppm the p value of t- test 
ranged from 0.007 to 0.03 showing the significant difference of consumption between 
treated and untreated blotting paper. Termites fed very little on the treated substrate 
indicating the strong feeding deterrence of Imidacloprid at the concentrations higher 
than 100 ppm. Mortality recorded was also more than 90% in the experimental arenas 
having a treated blotting paper with 200 ppm or greater concentrations (Table 4.4.4).  
Table 4.4.4. Difference in blotting paper consumption by H. indicola between 
untreated blotting paper and those treated with different 
concentrations of imidacloprid after one week 
 
Dose 
(ppm) 
Consumption (mg ) 
Mean +  SE 
t statistics 
( p value) 
Mortality after  
one week 
(%) (Untreated) (Treated) 
100 2.1+ 0.51 a 0.5+ 0.29 a 1.98 (0.14) 45 + 20.5 a 
200 3.79+0.40 ab 0.41+0.13 a 6.6 (0.007) 93 + 5.7 b 
300 2.98+ 0.63 ab 0.14+0.14 a 3.68 (0.03) 99 + 0.2 b 
400 5.06+0.74 b 0.1+ 0.1 a 6.8 (0.02) 100 b 
500 6.93+0.03 c 0.4+0.34 a 16.5(0.03) 100 b 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test. 
 
Total consumption of blotting paper i.e. untreated plus treated and resulted 
mortality is shown in figure 4.4.3. Results showed that at higher concentrations of 200 
to 500 ppm, by the end of 1st week, mortality was more than 90% but at 100 ppm 
mortality was only 45%. Whereas the total consumption remained almost same, there 
was a slight increased from lower concentration of 100 ppm to higher concentration of 
500 ppm.   
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Figure 4.4.3. Total consumption of blotting paper (untreated plus treated) and 
percent mortality caused at different concentrations of imidacloprid 
 
4.4.3. Transfer rate of imidacloprid within conspecific individuals of H. indicola. 
Studies on horizontal transfer of Imidacloprid showed that concentration of 100 
ppm caused less than 30% mortality in recipient workers when they were confined with 
the donors for 10 days, with over all low mortality being recorded in recipients at 100 
ppm. However, for the rest of concentrations significantly higher recipient’s mortalities 
were recorded when they were confined with treated workers for the same amount of 
time (df = 4, p < 0.02). Donor mortality was observed in more than 70% at all the tested 
concentrations and was not significantly different from each other (df = 4, p < 0.55).   
Data were also recorded on the number of dead termites that were missing as a 
result of necrophagy or cannibalism. The number ranged from 0 to 7% but the 
difference was not significant for the concentrations used in this experiment (df = 4, p < 
0.06) (Table 4.4.5). 
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Table 4.4.5  Mean cumulative percent mortality of donors and recipients of H. 
indicola in 10 days after mixing the donors treated with different 
concentrations of imidacloprid 
 
Dose 
(ppm) 
Donor mortality 
(%) 
Recipient mortality 
(%) 
Dead donor missing 
(%) 
100 77.3 + 7.0 a 29.3 + 7.4 a 5.2 + 0.5 a 
200 85.0 + 5.7 a 74 + 9.5 b 7.1 + 5.6 a 
300 81.3 + 1.3 a 81.3 + 7.0 b 0 + 0 a 
400 88.1 + 8.3 a 70.6 + 16.2 b    01 + 0 a 
500 92.0 + 6.1 a 82.6 + 5.3 b 1.3 + 1 a 
Means followed by the same letter are not different at p=<0.05 using SNK test 
 
4.4.4. Foraging Behavior of  H. indicola  in medium treated with imidacloprid 
Results of foraging behavior in the sand treated with different concentrations of 
imidacloprid showed that termite workers tunneled very little. In comparison, at 0 ppm 
or control termite workers able to tunnel the complete length of 13cm. Maximum 
tunnel length (1.4 cm) was recorded in 20 ppm treated sand which was significantly 
higher than the tunneling length recorded at all the other concentrations ranging from 
50 to 300 ppm (p < 0.0001). Overall, termite workers did not tunnel more than 3.5% of 
total length of glass tube, which was filled with 3 cm of sand treated with 50 – 300 ppm 
and 10 cm of untreated sand. Although termites tunnelled very little in treated sands, 
mortality recorded was significantly higher (>70%) compared to the mortality in 
control or untreated sand (5%) (Table 4.4.6)    
Table 4.4.6 Mean tunneling distance, mean mortality, percent cumulating 
tunneling and percent mortality of H. indicola in sand treated with 
various concentrations of imidacloprid 
 
Dose 
(ppm) 
Mean Tunneling Distance 
(Total distance 13 cm) 
Mean Mortality 
(Total termites 20) 
Cumulating 
Tunneling 
(%) 
Cumulating 
Mortality 
(%) 
0 13 + 0.0 a  1 + 0.57 a 100 + 0.0 a 5.0 + 2.88 a 
20 1.4 + 0.08 b 14.6 + 0.88 b 11.0 + 0.67 b 73.3 + 4.41 b  
50 0.4 + 0.12 c 16.0 + 2.08 b 3.5 + 0.92 c 80.0 + 10.4 b 
100 0.2 + 0.08 c 17.3 + 1.45 b  2.0 + 0.67 c 86.6 + 7.26 b 
200 0.1 + 0.03 c 18.3 +  1.20 b 1.0 + 0.25 c 91.6 + 6.00 b 
300 0.1 + 0.03 c 18.6 + 0.88 b   1.0 + 0.25 c 93.3 + 4.41 b 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test 
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Looking at figure 4.4.4, it is clear that termites were not able to cross the barrier 
of 3 cm of treated sand even at the smallest tested concentration of 20 ppm. In all other 
concentrations they only tunneled less than 0.4 cm. This small tunneling distance 
resulted because of high mortality of foragers. More than 14 termites were found dead 
out of total 20 termites at lowest concentration of 20 ppm, with an increase in mortality 
at higer concentrations of 50, 100, 200 and 300 ppm.  
 
Figure 4.4.4  Comparison of mean tunneling length and number of dead workers 
of H. indicola in the sand treated with various concentration of 
imidacloprid after 7 days  
4.4.5. Trail-following behavior of H. indicola after exposure to different doses of 
imidacloprid 
Percentages of termite workers, which reversed or left the trail before traveling 
4, 8 or 12cm are presented in Table 4.4.7. Termite workers treated with 50 ppm and 
greater of imidacloprid were not able to complete the trail at all and left or reversed on 
the trail even prior to 4 cm.     
In other tested concentrations of 20 ppm, 70% termite workers left the trail 
before completing 4 cm and another 10% left the trail before completing 8 cm, 
resulting in a total 80% not completing the trail. Even at lowest tested concentration of 
10 ppm only 40% of treated termite workers were able to complete the whole length of 
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12cm of trail. Out of 60% impaired termites, 50% termites also left the trail before 4 cm 
and remaining 10% left it before 8 cm. 
Table 4.4.7  Percentage of workers of H indicola treated with various 
concentrations of imidacloprid, which left or reversed on 4cm, 8cm 
and 12cm trail 
  
Dose 
(ppm) 
Termites reversed or left the trail between 
 
Total number of 
termites reversed 
or left trail (%) 0 - 4cm (%) 4 - 8cm (%) 8 - 12cm (%) 
0 10 0 10 20% a 
10 50 10 0 60% b 
20 70 10 0 80% b 
50 100 0 0 100% b 
100 100 0 0 100% b 
200 100 0 0 100% b 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test. 
 
 
Time taken by the termite workers to complete the distances or intervals of 4, 8 
and 12 cm on trail are mentioned in Table 4.4.8.  At 0 ppm (control) termite completed 
distance of 4, 8 and 12 cm in 6.15, 10.90 and 16.51 seconds respectively whereas at 
lowest tested concentration of 10 ppm termite workers took significantly higher time 
i.e. 31.11, 56.44 and 75.74 to complete the same distances. At 20 ppm termite workers 
looked even more affected and travelled the same distances in even more significantly 
longer times of 52.11, 83.02, 98.21 seconds respectively. Termite workers treated with 
50, 100 and 200 ppm were under seriously influence of higher doses and were unable to 
follow the trail at all, and therefore time recorded was tabulated as zero. 
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Table 4.4.8  Time taken by termite workers of H. indicola treated with different 
concentrations of imidacloprid to complete 4, 8 and 12 cm trail 
 
Dose 
(ppm) 
Time taken to complete 
4cm trail (Seconds) 
Time taken to complete 
8cm trail (Seconds) 
Time taken to complete 
12cm trail (Seconds) 
0 6.15 + 0.70 a  10.90 + 0.94 a 16.51+ 1.73 a 
10 31.11 + 2.06 ab 56.44 + 2.04 ab 75.74 + 3.89 ab 
20 52.11 + 2.31 bc 83.02 + 2.29 bc 98.21 + 1.80 b 
50 ND ND ND 
100 ND ND ND 
200 ND ND ND 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test 
ND = Not Determined   
 
Mean speeds of termite workers of H. indicola to complete the 4, 8 and 12 cm 
trail are presented in Figure 4.4.5. Results revealed that speed of treated termite 
workers was also seriously affected when treated with various concentrations of 
imidacloprid. The mean speed of termite workers treated with 10 ppm and 20 ppm were 
significantly lower when compared with mean speeds of untreated termite workers. 
Whereas at concentrations of 50, 100, 200 ppm mean speed was not determined 
because no workers able to complete the trail. Although there was significant difference 
among the mean speed of termite workers treated with different concentration but 
difference in speed i.e. 0.13, 0.14, 0.15 cm/sec at 10 ppm and 0.07, 0.09, 0.12 cm/sec at 
20 ppm at the distances of 4, 8, and 12 cm respectively was non-significant. 
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Table 4.4.5  Mean speed of termite workers of H. indicola treated with different 
concentrations of imidacloprid for completing 4, 8 and 12 cm trail 
 
4.5 CHARACTERIZATION OF HEXAFLUMURON 
4.5.1. Dose-response relationship of hexaflumuron and workers of H. indicola 
Hexaflumeron, a chitin synthesis inhibitor, and used as a slow-acting toxicant 
against different species of subterranean termites was tested against H. indicola at 
concentration range of 100 to 10,000 ppm.  Fig. 4.5.1 showed a mortality trend of the 
termites over a period of 25 days in response to varying concentrations of 
hexaflumeron. All the concentrations below 10,000 ppm showed a low mortality rate 
(less than 50%) of H. indicola. At the highest concentration used of 10,000 ppm  
mortality did not reach 80%.  
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Figure 4.5.1.  Mean cumulative mortality (adjusted against control) of H. indicola 
after exposure to different concentrations of hexaflumeron 
At the lowest tested concentration of 100 ppm of hexaflumuron both ELT50 and 
ELT90 were not determined as they were beyond the projection limit of probit analysis. 
ELT50 and ELT90 projected values for concentrations 250 and 500 ppm were also too 
great to consider valid. At 1000 and 500 ppm the ELT50 projected values were 43 and 
31 days respectively whereas ELT90 values projected by probit analysis were more than 
100 days for both of the concentrations.  At 10000 ppm ELT50 was 25 days and ELT90 
was 74 days, which is comparatively lower than all the other ELT values (Table 4.5.1).   
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Table 4.5.1.  Estimated lethal time (days) required for 50% and 90% mortality 
(ELT50, ELT90 along with 95% Confidence Interval, CI) of H. 
indicola after exposure to various concentrations of hexaflumuron 
 
Dose 
(ppm) 
ELT50 
estimate 
(days) 
95% CI ELT90 
estimate 
(days) 
95% CI Probit Model 
100 ND ND, ND ND ND, ND  ELT = -4.2 + 0.23 ×dose 
250 149 89, 371 1084 421, 5849 ELT  = -5.5 + 2.5 ×dose 
500 165 105, 334 1364 593, 5074 ELT  = -5.3 + 2.3 ×dose 
1000 43 33, 73 104 64,308 ELT  = -9.1 + 5.6 ×dose 
5000 31 29, 34 108 86,131 ELT  = -6.2 + 4.1 ×dose 
10000 25 22,30 74 55,119 ELT  = -6.4 + 4.6 ×dose 
ND= Not Determined 
 
Mortality rates inflicted by different concentrations of hexaflumeron after 25 
days were compared using ANOVA followed by SNK mean separation test; the only 
significant difference observed was that of 10,000 ppm from the rest of concentrations. 
Mortality at 1000 to 5000 ppm was insignificantly different from each other but it was 
significantly higher than concentrations ranging from 100 – 500 ppm and significantly 
lowers than mortality at 10000 ppm (Table 4.5.2).  
Table 4.5.2.  Comparison of H. indicola mortality 25 d after exposure to various 
concentrations of hexaflumeron 
 
Means followed by the same letter are not different at p=<0.05 using Tukey HSD test 
 
 
 
 
Dose Adjusted Mortality after 25 days (%) 
100 7.06+ 4.7 a 
250 13.8+ 2.4 a 
500 19.4+ 2.8 a 
1000 47.5+ 3.2 b 
5000 46.1+ 5.2 b 
10000 71.6+ 4.4 c 
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4.5.2. Deterrence of hexaflumuron to workers of H. indicola   
Studies done to detect the deterrence of hexaflumuron at different 
concentrations indicated that after one week there was no significant difference 
between the consumption of treated and untreated blotting paper at concentrations 
ranging from 100 to 500 ppm. However, at 1000 ppm and greater of hexaflumuron, the 
difference in consumption was significant based on p values of the t-test were 0.004, 
0.003 and 0.007 at 1000, 5000 and 10000 ppm respectively which showed the 
deterrency of hexaflumuron at these doses (Table 4.5.3).    
 
Table 4.5.3.  Difference in blotting paper consumption by H. indicola between 
untreated blotting paper and those treated with different 
concentrations of hexaflumeron after one week 
 
Dose 
(ppm) 
Consumption (mg ) 
Mean +  SE 
t statistics 
( p value) 
Untreated Treated 
100 12.9 + 1.41 ab 12.4 + 0.42 a 0.28 (0.79) 
250 9.50 + 0.87 c 11.7 + 0.62 ab -1.96 (0.14) 
500 10.65 + 0.16 bc 11.27 + 0.33 ab -1.51 (0.22) 
1000 13.91 + 0.30 a 10.42 + 0.51 b 7.97 (0.004) 
5000 9.94 + 0.30 c  4.80 + 0.45 c 915 (0.003) 
10000 10.31 + 0.39 bc 5.45 + 0.53 c 6.68 (0.007) 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test 
 
Similarly after two weeks results of deterrence studies showed a significant 
reduction (indicated by paired t-test) in the consumption rate of treated blotting papers 
at concentrations exceeding than 1000 ppm (Table 4.5.4). Mortality data recorded after 
two weeks did not show a significant mortality except at 10000 ppm where mortality 
recorded was around 80%. At concentrations from 100 to 5000 ppm, mortality ranged 
between 0.5% to 11.2%, which was significantly lower than mortality at 10,000 ppm. 
Although consumption of treated blotting paper at 5000 and 10,000 ppm was almost 
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same however, there was large difference in mortality. As a general rule when the dose 
causing a significant mortality is greater than the minimum deterrence threshold, the 
toxicant is not considered as good candidate to be used in slow-acting toxicant bait. 
Table 4.5.4.  Difference in blotting paper consumption by H. indicola between 
untreated blotting paper and those treated with different 
concentrations of hexaflumeron after two week 
Dose 
(ppm) 
Consumption (mg ) 
Mean +  SE 
t statistics 
( p value) 
Mortality after 
two week 
(%) 
Untreated Treated 
100 23.50 + 1.21 a 23.55 + 1.25 a -0.02 (0.98) 0.5+0.5 a 
250 16.65 + 1.66 b 20.15 +2.18 a -0.98 (0.39) 2.7 + 0.8 a 
500 18.60 + 1.81 b 14.85 +1.51 b 2.20 (0.11) 4.1 + 0.9 a 
1000 16.32 + 0.99 b 14.82 +1.55 b 1.54 (0.22) 5.8 + 0.7 a 
5000 15.00 + 2.06 b 6.77 +0.16 c 3.90 (0.03) 11.2+ 0.9 a 
10000 14.17 + 1.40 b 6.25 +0.45 c 4.4 (0.02) 80.6 + 7.7 b 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test 
 
Total consumption i.e. treated plus untreated blotting papers, was inversely 
proportional to concentration of hexaflumuron used. It was decreased by the increase in 
concentration. Mortality remained low at all the tested concentrations regardless of 
amount of consumption except at 10000 ppm where little amount was consumed but 
mortality recorded was more than 80% after two weeks (Figure 4.5.2). 
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Figure 4.5.2 Total consumption of blotting paper (untreated plus treated) and 
percent mortality caused at different concentrations of 
hexaflumuron 
 
4.5.3. Transfer rate of hexaflumuron within conspecific individuals of H. indicola. 
Potential of horizontal transfer of hexaflumuron from treated workers (donors) 
to untreated workers (recipient) was investigated at different concentrations. Results 
(Table 4.5.5) showed that both donors and recipient’s mortalities were very low at 100 
ppm and 250 ppm.  Although at 500 ppm and 1000 ppm donor’s mortality reached up 
to 29% and 56% respectively but recipient’s mortality, but did not exceed than 2% at 
500 ppm and 7% at 1000 ppm. At 5000 ppm donor mortality was more than 60% and 
recipient’s mortality 34% which was significantly higher than mortality in the control 
(0 ppm) and at concentrations lower than 5000 ppm. Maximum donor’s mortality i.e. 
77% was recorded at 10000 ppm and as a result recipient’s mortality also reached to 
maximum i.e. 59% which was significantly higher than controls and all the other tested 
concentrations (df= 6, p < 0.0001).    
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Missing donors, which were considered to be consumed by other fellow 
recepeint termite workers were non-significantly different at all the tested 
concentrations (df = 6, P < 0.49). Percentage of missing donors was slightly higher at 
lower concentrations raging from 0 to 1000 ppm and it was recorded as less than 15% 
at concentrations of 5000 ppm and 10000 ppm (Table 4.5.5).       
 
Table 4.5.5  Mean cumulative percent mortality of donors and recipients of H. 
indicola in 10 days after mixing the donors treated with different 
concentrations of hexaflumuron. 
 
Dose 
(ppm) 
Donor mortality 
(%) 
Recipient mortality 
(%) 
Dead donor missing 
(%) 
0 5.0 + 2.0 a 5.0 + 2.8 a 50 + 28.8 a 
100 4.0 + 1.6 a 2.0 + 1.1 a 37.5 + 23.9 a 
250 7.0 + 2.5 a 2.0 + 2.0 a 58.3 + 25.0 a 
500 29.0 + 3.4 b 4.0 +1.6 a 41.5 + 3.4 a 
1000 56.0 + 5.1 c 7.0 + 3.0 a 24.8 + 3.7 a 
5000 62.0 + 4.7 c 34 + 2.5 b 14.8+ 3.2 a 
10000 77.0 + 4.4 d 59 + 6.8 c 17.1 + 1.8 a 
Means followed by the same letter are not different at p=<0.05 using SNK test 
 
4.5.4. Foraging behaviour of H. indicola in medium treated with hexaflumuron 
Foraging behavior of H. indicola workers were investigated in the sand treated 
with different concentrations of hexaflumuron. Results showed that in comparison with 
controls or at 0 ppm where termite tunneled the whole length of 13 cm; they compeletly 
failed to tunnel into the first section of sand treated with concentrations of 1000 to 
10000 ppm. Whereas very little tunneling i.e. 0.27cm was observed at 500 ppm and at 
250 ppm, tunneling was significantly higher with concentration ranging from 500 to 
10,000 ppm but were significantly lower than tunneling lengths recorded at 0 ppm and 
100 ppm (p < 0.0001). At the lowest tested concentration of 100 ppm maximum 
tunneling length (9.23cm) was observed (Table 4.5.6).  
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Table 4.5.6 Mean tunneling distance, mean mortality, percent cumulating 
tunneling and percent mortality of H. indicola in sand treated with 
various concentrations of hexaflumuron 
 
Dose 
(ppm) 
Mean Tunneling Distance 
(Total distance 13 cm) 
Mean Mortality 
(Total termites 20) 
cumulating 
Tunneling 
(%) 
cumulating 
Mortality 
(%) 
0 13 + 0.0 a 1.0 + 0.57 a  100 + 0.0 a 5.0 + 2.8 a 
100 9.23 + 0.73 b 4.67 + 0.88 b 71.0 + 5.6 ab 23.3 + 4.4 ab 
250 4.0 + 1.0 c 5.0 + 1.52 c 30.7 + 7.6 ab 25.0 + 7.6 ab 
500 0.27 + 0.26 d 9.67 + 1.76 d 2.0 + 2.05 b 48.3 + 8.8 b 
1000 0.0 + 0.0 d 17.67 + 1.85 d 0.0 + 0.0 c 88.3 + 9.2 c 
10000 0.0 + 0.0 d 20.0 + 0.0 d 0.0 + 0.0 c 100 + 0.0 c  
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test. 
 
 There was no tunneling observed at 1000 ppm and 10000 ppm bcause mortality 
was high i.e. 100% and 88.33% respectively, which was significantly higher than all 
the other lower concentrations. In Figure 4.5.3, it is obvious that termite workers 
crossed the treated barrier of 3 cm and also further tunneled into untreated portion of 
sand treated with concentrations of 100 and 250 ppm, which might be due to the low 
mortality at these concentrations. Although at 500 ppm mortality was also less than 
50% but termites did not tunneled long in treated sand and were unable to cross the 
barrier of 3 cm.   
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Figure 4.5.3  Comparison of mean tunneling length and number of dead workers 
of H. indicola in the sand treated with various concentration of 
hexaflumuron after one week 
 
 
4.5.5.  Trail following behavior of H. indicola after exposure to different doses of 
hexaflumuron 
Percentages of termite workers, which reversed or left the trail before 4, 8 or 12 
cm are presented in Table 4.5.7. It was recorded that 20% termite workers reversed or 
left the trail when treated with concentrations of 500 ppm or less. There was no specific 
pattern of leaving the trail, some termite workers left before 4 cm, few before 8 cm and 
others before 12cm. At concentration of 1000 ppm and higher, there was slight increase 
and total 30% termite workers left the trail before 12 cm. Over all it was observed that 
hexaflumuron did not affect the trail following behavior at all the tested concentrations. 
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Table 4.5.7 Percentage of workers of H indicola treated with various 
concentrations of hexaflumuron which left or reversed on 4, 8 and 
12 cm trail 
  
Dose 
(ppm) 
Termites reversed or left the trail between 
(%) 
Total number 
of termites 
reversed or left 
trail (%) 0 – 4 cm   4 – 8 cm  8 – 12 cm 
0 10 0 10 20% a 
100 10 10 0 20% a 
250 10 10 0 20% a 
500 0 10 10 20% a 
1000 30 0 0 30% a 
5000 20 10 0 30% a 
10000 10 10 10 30% a 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test. 
 
 
The termite workers of H. indicola were exposed to various concentrations of 
hexaflumuron and released individually on 12 cm long trail to record the change in time 
taken to complete the trail. Time taken by the termite workers to complete the distances 
or intervals of 4, 8 and 12cm on trail are mentioned in Table 4.5.8. It was obvious from 
the results that time taken to complete distances of 4, 8 and 12 cm was insignificantly 
different from each other at all the tested concentrations. Time taken narrowly ranged 
from 6.15 sec to 8.66 sec, 10.90 sec to 15.50 sec and 16.51 sec to 21.37 sec to complete 
the distances of 4, 8 and 12 cm respectively when termites were exposed to 
concentrations ranging from 100 – 10,000 ppm. Although there was slight increase in 
time taken to complete the trail as the concentrations increased but this increase was 
found to be insignificant (df = 6,  p = 0.36 ).  
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Table 4.5.8  Time taken by termite workers of H. indicola treated with different 
concentrations of hexaflumuron to complete 4, 8 and 12 cm long 
trail 
Dose 
(ppm) 
Time taken to complete (Sec)  
4 cm trail 8 cm trail  12 cm trail  
0 6.15 + 0.70 a  10.90 + 0.94 a 16.51+ 1.73 a 
100 6.26 + 0.77  a 11.01 + 1.08 a 16.26 + 1.62 a 
250 6.65 + 0.88 a 11.43 + 1.21 a 17.21 + 2.00 a 
500 6.70 + 0.68 a   12.25 + 1.20 a 18.45 + 1.85 a 
1000 6.87 + 0.91 a 12.23 +1.10 a  18.74 + 1.40 a  
5000 7.88 + 0.78 a 13.55 + 1.20 a   19.63 + 1.28 a 
10000 8.66 + 0.69 a 15.50 + 1.20 a 21.37 + 1.76 a 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test 
 
Mean speeds of termite workers of H. indicola to complete the 4, 8 and 12cm 
trail are presented in Figure 4.5.8. Results revealed that speed of treated termite 
workers was not affected by various concentrations of hexaflumuron. When compared 
with mean speed of untreated termite i.e. 0.71, 0.78, 0.78 cm/sec at 4, 8 and 12 cm 
respectively, the mean speed of termite workers treated with 100 and 10000 ppm were 
not significantly different. Lowest insignificant decrease in speed i.e. 0.59cm/sec were 
recorded of termite workers which were treated with highest concentration of 10000 
ppm whereas highest speed i.e. 0.78 cm/sec was of untreated workers to complete the 
distance of 12cm. Difference in time traveled was insignificant between all the tested 
concentrations as well as speeds to complete the distances of 4, 8 and 12 cm at some 
concentrations (Figure 4.5.4). 
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Figure 4.5.4  Mean speed of termite workers of H. indicola treated with different 
concentrations of hexaflumuron for completing 4, 8 and 12 cm trail 
 
4.6 CHARACTERIZATION OF LUFENURON 
4.6.1. Dose-response relationship of lufenuron and workers of H. indicola 
 Lufenuron, an insect growth regulator reported to disrupt the molting process in 
insects was used for studying the response of workers of H. indicola at different 
concentrations. Mortality observed after exposing the termites to a concentration range 
of 100 - 10,000 ppm over a period of 26 days is shown in (Fig. 4.6.1). It was observed 
from the mortality trend that mortality remained less than 50% in termite workers 
exposed to all the concentrations of lufenuron until about three weeks. After that 
mortality rates were higher and mortality reached up to 80% in the termite workers 
treated with highest tested concentration of 10000 ppm of lufenuron but overall 
mortalities for other concentrations remained less than 60%. Overall mortalities 
gradually increased over time with the increase in concentrations. 
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 Projected lethal times through probit analyses are shown in Table 4.6.1. ELT50 
narrowly ranged between 24.6 days to 36.3 at the tested concentrations from 100 to 
10000 ppm. It was assumed from the results that 50% of the population would be killed 
in more than three weeks at all the doses.  ELT90 values showed much prolonged lethal 
times of 128 days for 100 ppm whereas a narrow range of values from 45.2 to 64.9 
days was projected for concentrations ranging from 250 to 10000 ppm (Table 4.6.1). 
 
Fig. 4.6.1  Adjusted Cumulative mortality of H. indicola after exposure to 
different concentrations of lufenuron 
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Table 4.6.1  Estimated lethal time (days) required for 50 and 90% mortality 
(ELT50, ELT90 + 95% CI) of H. indicola after exposure to different 
concentrations of lufenuron 
 
Dose 
(ppm) 
ELT50 
estimate 
(days) 
95 % CI ELT90 
estimate 
(days) 
95 % CI Probit Model 
100 36.3 33.2 - 40.7 128.3 102.4 - 171.6 ELT = -6.2 + 4.0 ×dose 
250 27.1 25.7 - 29.3 45.2 39.3 - 55.9 ELT = -14.2+9.9 ×dose 
500 24.6 23.6 - 25.9 50.4 43.6 - 62.4 ELT = -9.8+7.0 ×dose 
1000 31.1 28.3 - 36.7 64.9 50.3 - 103.1 ELT = -10.3+6.8 ×dose 
5000 24.7 23.8 - 25.9 49.4 43.6 - 58.7 ELT = -10.1+7.3 ×dose 
10000 24.7 23.4 - 26.4 49.2 42.0 - 62.9 ELT = -10.2+7.3 ×dose 
 
Adjusted mortality after 26 days is shown in Table 4.6.2. As expected minimum 
mortality was at lowest tested concentration of 100 ppm which was significantly less 
than all the other concentrations of lufenuron against workers of H. indicola (p < 
0.002). Maximum mortality (75%) was obtained at 10000 ppm and intermediate 
mortalities ranged from 57% to 62% at concentrations ranging from 250 to 5000 ppm. 
Table 4.6.2  Comparison of H. indicola mortality 26 days after exposure to 
various concentrations of lufenuron 
 
Means followed by the same letter are not different at p=<0.05 using Tukey HSD test 
 
 
 
 
Dose Adjusted Mortality after 26 days (%) 
100 34.6 + 2.6 a 
250 57.6 + 5.7 b 
500 55.1 + 3.0 b 
1000 57.0 + 9.3 b 
5000 62.8 + 5.1 b 
10000 75.0 + 2.1 b 
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4.6.2. Deterrence of lufenuron to workers of H. indicola  
Studies were conducted to find out deterrence of different concentrations of 
lufenuron against H.indicola. Results indicated that after week one, all the tested 
concentrations less than 5000 ppm were found to be non-deterrent to H. indicola 
supported by the insignificant difference (using paired sample t-test) in consumption of 
treated and untreated blotting paper. In this case, p-value was greater than 0.05 and 
ranged between 0.06 to 0.80. At 5000 and 10000 ppm there were significant difference 
in consumption of treated and untreated blotting paper where p-value recorded were 
0.03 and 0.02 respectively (Table 4.6.3).  
A similar trend was observed after the second week where concentration 
ranging from 100 to 1000 ppm were non-deterrent as there were insignificant difference 
between the consumption of treated and untreated blotting paper (p = 0.09 - 0.22). The 
consumption of treated blotting paper was significantly less than untreated blotting 
paper at both higher concentrations of 5000 and 10000 ppm (p = 0.02 - 0.002). At all 
the tested concentrations up to 5000 ppm there was no significant effect on the 
consumption of untreated blotting paper but concentration of 10000 ppm also affected 
the feeding ability of H. indicola workers as it was determined from significant less 
consumption (18.02 mg) of untreated blotting paper. As far as consumption of treated 
paper was concerned, it was significantly less both at 5000 ppm (9.80 mg) and 10000 
ppm (8.65mg) s compared to other lower concentrations where consumption was more 
than 20 mg (Table 4.6.4)   
Mortality data recorded one week after the introduction of termites did not show 
a significant difference in mortality for the concentration range of 100 - 5000 ppm. 
Only at 10000 ppm mortality was more than 25% which was significantly higher than 
other tested concentrations. Mortality data recorded after two weeks showed a 
significant increase in mortality in treatment units containing the blotting papers treated 
with 10000 ppm where mortality reached > 90% (Table 4.6.4) 
Due to a low lethal rate at concentrations < 10000 ppm and deterrence to 
feeding at concentration equal to or greater than 5000 ppm, leufenuron does not seem 
to be an appropriate toxicant to be used in bait. 
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Table 4.6.3  Difference in blotting paper consumption by H. indicola between 
untreated blotting paper and those treated with different 
concentrations of lufenuron after one week 
 
Dose 
(ppm) 
Consumption (mg ) 
Mean +  SE 
t statistics 
( p value) 
Mortality after  
one week 
(%) 
Untreated Treated 
100 21.33 + 2.35 a 19.70 + 1.61 a 0.43 (0.69) 0.25 + 0.2 a 
250 17.32 + 1.27 ab 16.72 + 1.24 ab 0.26 (0.80) 0.75 + 0.3 a 
500 19.49 + 1.40 ab 14.65 + 0.98 b 2.78 (0.06) 1.87 + 0.3 a 
1000 14.70 + 1.34 b 13.08 + 1.38 b 0.69 (0.53) 5.50 + 0.7 a 
5000 15.12 + 1.37 b 8.60 + 0.39 c 3.72 (0.03) 7.25 + 0.9 a 
10000 13.51 + 0.71 b 8.68 + 1.34 c 4.14 (0.02) 25.5 + 6.1 b 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test 
 
Table 4.6.4  Difference in blotting paper consumption by H. indicola between 
untreated blotting paper and those treated with different 
concentrations of lufenuron after two weeks 
 
Dose 
(ppm) 
Consumption (mg ) 
Mean +  SE 
t statistics 
( p value) 
Mortality after  
two week 
(%) 
Untreated Treated 
100 38.92 + 7.72 a 29.0 + 3.18 a 1.53 (0.22) 1.87 + 0.8 a 
250 37.26 + 3.65 a 25.26 + 2.34 a 2.38 (0.09) 2.12 + 0.4 a 
500 32.20 + 1.80 ab 23.96 + 2.65 a 1.92 (0.15) 3.12 + 0.3 a 
1000 29.30 + 3.22 ab 22.01 + 2.13 a 2.30 (0.10) 26.12 + 1.1 b 
5000 23.90 + 2.13 ab 9.80 + 1.02 b 9.56 (0.002) 30.37 + 1.3 c 
10000 18.0 2 + 1.75 b 8.65 + 0.89 b 4.5 (0.02) 97.62 + 0.4 d 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test 
 
Figure 4.6.2 further illustrated the total consumption (treated + untreated 
blotting paper) and showed mortality trends after week one and week two. Overall 
consumption dropped with the increase of concentration and minimum consumption 
was recorded at 10000 ppm.  Mortality remained very low at the end of both weeks at 
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concentrations ranging from 100 to 500 ppm. Significant increase in mortality at 1000 
to 10000 ppm was recorded in the second week and maximum mortality i.e. 97.62% 
was recorded at 10000 ppm. However increase in total consumption was insignificant 
from 1st week to 2nd week at 10000 ppm.   
 
 
Figure 4.6.2  Total consumption of blotting paper (untreated plus treated) and 
percent mortality caused at different concentrations of lufenuron 
 
4.6.3. Transfers rate of lufenuron within conspecific individuals of H. indicola 
Horizontal transfer of lufenuron from treated workers (donors) to untreated 
workers (recipients) of H. indicola was investigated at different concentrations. Results 
showed that donor mortality remained below 5% at 100 to 500 ppm of lufenuron and 
recipient’s mortality also did not exceed from 5%. At 1000 ppm donor’s mortality was 
29%, which was significantly higher than donor’s mortality caused at lower 
concentrations but recipient’s mortality at 1000 ppm also did not exceed 10%. At 
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higher concentrations of 5000 and 10000 ppm donor mortality was 53% and 69% 
respectively which was significantly higher than all the other tested concentrations (df 
= 6, p < 0.0001). Whereas recipient mortality recorded was 30% and 45% at 5000 ppm 
and 10000 ppm respectively which was also significantly higher than mortality at 0 
ppm and other lower concentrations (df = 6, p < 0.0001). 
Missing dead donors which were considered to be consumed by recipients are 
also shown is Table 4.6.5.  Percentage of missing dead donors was more than 40% at 
concentrations lower than 1000 ppm. Lowest missing dead donors (9.5%) were 
recorded at 10,000 ppm followed by 11.2% at 5000 ppm, which were significantly 
higher than missing dead donors at lower concentrations and control (df = 6, p < 
0.001).  
Table 4.6.5  Mean cumulative percent mortality of donors and recipients of H. 
indicola in 10 days after mixing the donors treated with different 
concentrations of lufenuron 
 
Dose 
(ppm) 
Donor mortality 
(%) 
Recipient mortality 
(%) 
Dead donor missing 
(%) 
0 2.0 + 1.1 a 4.0 + 2.3 a 42.5 + 12.3 a 
100 4.0 + 1.6 a 2.0 + 1.1 a 45.0 + 8.8 a 
250 4.0 + 2.8 a 2.0 + 2.0 a 50.0 + 9.1 a 
500 4.0 + 1.6 a 4.0 +1.6 a 45.0 + 5.4 a 
1000 29.0 + 3.4 b 10.0 + 1.1 a 20.5 + 4.3 ab 
5000 53.0 + 3.4 c 30.0 + 2.5 b 11.2 + 2.5 b 
10000 69.0 + 4.4 d 45.0 + 3.4 c 9.5 + 2.2 b 
Means followed by the same letter are not different at p=<0.05 using SNK test 
4.6.4. Foraging behavior of H. indicola in medium treated with lufenuron 
Foraging behavior of H. indicola was investigated in the sand treated with 
various concentrations of lufenuron ranging from 100 to 10000 ppm in glass tubes for 
seven days. Results showed that termites were not able to tunnel at all in the sand 
treated with 1000 ppm and above. At 500 ppm, they did tunnel but very little i.e. 
10.25% of total lenght. At 250 ppm the tunneling length was significantly greater than 
tunneling lengths in sands treated with 500 ppm or more but it was significantly lesser 
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than tunnels made by termite workers in the sand treated with 100 ppm (83% of total 
length) and 0 ppm (100% of total length).  
Complete mortality for all the termite foragers found dead after seven days in 
the sand treated were within concentrations ranging from 1000 to 10000 ppm. Whereas 
in the 100 ppm and 250 ppm treated sand mortality was 1.66% and 6.66% respectively 
which was insignificantly different from 5% mortality recorded for the controls. At 500 
ppm mortality recorded was 13.33%, which was also non-significantly different from 
mortality in the controls (Table 4.6.6). 
Table 4.6.6 Mean tunneling distance, mean mortality, percent cumulating 
tunneling and percent mortality of H. indicola in sand treated with 
various concentrations of lufenuron 
 
Dose 
(ppm) 
Mean Tunneling Distance 
(Total distance 13 cm) 
Mean Mortality 
(Total termites 20) 
Cumulating 
Tunneling 
(%) 
Cumulating 
Mortality  
(%) 
0 13 + 0.0 a 1.0 + 0.5 ab  100 + 0.0 a 5.0 + 2.8 ab 
100 10.8 + 1.0 a 0.3 + 0.3 a 83.0 + 7.7 a 1.6 + 1.6 a 
250 5.8  + 1.0 b 1.3 + 0.66 ab 44.6 + 8.2 b 6.6 + 3.3 ab 
500 1.3 + 0.6 c 2.6 + 0.66 b 10.2 + 4.6 c 13.3 + 3.3 b 
1000 0.0 + 0.0 c 20 + 0.0 c 0.0 + 0.0 c 100 + 0.0 c  
5000 0.0 + 0.0 c 20 + 0.0 c 0.0 + 0.0 c 100 + 0.0 c  
10000 0.0 + 0.0 c 20 + 0.0 c 0.0 + 0.0 c 100 + 0.0 c  
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test 
 
Figure 4.6.3 further illustrated the tunneling and mortality trends under the 
effect of different concentrations of lufenuron. Reference line at 3 cm showed barrier 
length of treated sand in the experimental glass tubes followed by 10 cm of untreated 
sand with another reference line at 13 cm, showed the maximum length termite workers 
could have tunneled. From this figure, termite workers were able to cross the chemical 
barrier of lufenuron at the concentrations of 100 and 250 ppm. At all other 
concentrations they did not crossed the barrier length of 3 cm; rather they could only 
tunneled 1.33 cm in to treated sand. At 1000 to 10000 ppm early 100% mortality was 
recorded which resulted in no tunneling, whereas in all the other concentrations 
mortality remained very low i.e. less than 3 out of total 20 termites. 
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Figure 4.6.3  Comparison of mean tunneling length and number of dead workers 
of H. indicola in the sand treated with various concentration of 
lufenuron at the end of one week 
  
4.6.5. Trail following behavior of H. indicola after exposure to different doses 
lufenuron 
Percentages of termite workers, which reversed or left the trail before 4, 8 or 12 
cm are presented in Table 4.6.7. It was recorded that 20% termite workers reversed or 
left the trail when treated with concentrations of 1000 ppm or less. At 5000 ppm, 40% 
termite workers left the trail and at 10000 ppm, 30% left the trail before 12 cm. There 
was no specific pattern of leaving the trail, few termite workers left before 4cm, some 
before 8 cm and others before 12cm. Overall it was observed that lufenuron did not 
significantly affected the percentage of trail following workers treated with various 
concentrations. 
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Table 4.6.7  Percentages of workers of H indicola treated with various 
concentrations of lufenuron which left or reversed on 4, 8 and 12 cm 
trail 
 
Dose 
(ppm) 
Termites reversed or left the trail between 
 (%) 
Total number 
of termites 
reversed or left 
trail (%) 0 – 4 cm  4 – 8 cm  8 – 12 cm 
0 10 0 10 20% a 
100 10 10 0 20% a 
250 0 0 10 10% a 
500 20 0 0 20% a 
1000 10 10 0 20% a 
5000 20 20 0 40% a 
10000 10 10 10 30% a 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test 
 
Termite workers of H. indicola were first exposed to various concentrations of 
lufenuron and then released individually on 12 cm long trail to record any difference in 
time taken during trail following. Time taken by the termite workers to complete the 
distances or intervals of 4, 8 and 12 cm on trail are mentioned in Table 4.6.8.   
Results showed completed distances of 4, 8 and 12 cm were insignificantly different 
from each other for all test concentrations. Time taken ranged from 6.15 to 7.73 sec, 
10.90 to 13.98 sec and 16.51 sec to 19.6 sec to complete the distances of 4, 8 and 12 cm 
respectively at all the tested concentrations of lufenuron. Time taken by workers to 
complete the distance of 12cm of trail was not affected at all by change in 
concentration of lufenuron  (df = 6,  p = 0.60 ).  
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Table 4.6.8  Time taken by termite workers of H. indicola treated with different 
concentrations of lufenuron to complete 4, 8 and 12 cm long trail 
 
Dose 
(ppm) 
Time taken to complete  
 (Sec) 
4 cm trail 8 cm trail  12 cm trail  
0 6.15 + 0.70 a  10.90 + 0.94 a 16.51+ 1.73 a 
100 6.24 + 0.97  a 10.5 + 1.15 a 15.63 + 1.86 a 
250 6.98 + 0.81 a 12.65 + 1.01 a 18.19 + 1.47 a 
500 7.73 + 0.92 a   14.04 + 1.65 a 19.32 + 1.70 a 
1000 7.18 + 0.73 a 13.12 +1.25 a  19.63 + 1.66 a  
5000 7.32 + 0.89 a 12.94 + 1.82 a   18.67 + 2.51 a 
10000 6.93 + 0.71 a 13.98 + 1.40 a 19.39 + 1.77 a 
Means followed by the same letter are not different at p=<0.05 using Tukey’s HSD test. 
Mean speeds of termite workers of H. indicola to complete the 4, 8 and 12 cm 
trail are presented in Figure 4.6.4. Results revealed that speed of treated termite 
workers was not affected when treated with various concentrations of lufenuron. In 
comparison with mean speed of untreated termite workers i.e. 0.71, 0.78, 0.78 cm/sec at 
4, 8 and 12 cm respectively, the mean speed of termite workers treated with 100 to 
10000 ppm was insignificantly different. Similar height of the bars in Figure 4.6.4 for 
250 to 10000 ppm showed almost constant speed of workers treated with these 
concentrations. 
 However the speed of the workers treated with 100 ppm and 0 ppm was slightly 
greater than all the other tested concentrations. Overall difference in speed was 
insignificant at all the tested concentrations and at distances of 4, 8 and 12 cm at some 
particular concentration. 
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 Table 4.6.4  Mean speed of termite workers of H. indicola treated with different 
concentrations of lufenuron for completing 4, 8 and 12 cm trail 
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V. DISCUSSION 
 
5.1 CHARACTERIZATION OF FIPRONIL 
 Fipronil is currently one of the most commonly used non-repellent termiticide 
worldwide.  It is basically belongs to insecticide class of phenylpyrazole that functions 
by blocking the γ –amino butyric acid-gated chloride channel in nervous system of the 
insect (Quarcoo et al., 2012). 
 
5.1.1. Dose-response relationship of fipronil and termite workers of H. indicola 
 Our studies on dose-response relationship indicated that fipronil was very 
effective in killing H. indicola even at concentration as low as 1 ppm. Fipronil is 
known worldwide to cause termite mortality at very low concentrations.  Remmen and 
Su (2005b) also found that a 24 hours exposure of the eastern subteranean termite, 
Reticulitermes flavipes (Kollar) on filter paper treated with 1 ppm fipronil provided 
31% kill at 24 hour and 84% kill at 7th day indicating its ability to kill termites at low 
concentration. Against Coptotermes formosanus, the LD50 of fipronil at 72 hour after 
treatment was less than 2.0 ng per insect, with no significant differences in the tested 
workers/soldiers or colonies (Ibrahim et al. 2003) while LD50 was approximately 0.2 ng 
per termite expressed between day 4 and 7 against R. Hesperus (Saran and Rust, 2007). 
Upadhyay et al., (2010) confirmed that fipronil had very high toxicity against 
Odontotermes obesus and LD50 calculated was very low. 
A strong dose-dependant rate of kill was observed for fipronil and dose of 10-50 
ppm resulted in total mortality of treated termites within 3-4 days. Such concentrations 
are not desirable to be used as a slow-acting toxicant in field bait. Such a fast mortality 
rate would not allow transfer of active ingredient to the rest the nestmates and there 
would be a higher probability of accumulation of dead termites near the baiting point 
resulting in possible avoidance by the rest of workers from that area. In another study, 
field collected subterranean termite R.  flavipes (Kollar) and C.  formosanus Shiraki 
were tested for their mortality and penetration in soil treated with different 
concentrations of fipronil and indoxacarb. Fipronil showed faster and higher mortality 
rate than indoxacarb at all the corresponding concentrations (Hu, 2005). 
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 With the decrease in concentration of toxicants like fipronil, time required to 
take full affect on termites increased. The mortality rate and speed of kill in case of 
non-repellent and slow-acting insecticides depends upon its concentration (Su et al., 
1987). When the same two subterranean termite species, R. flavipes (Kollar) and C. 
formosanus Shiraki were exposed for different period of time on fipronil treated filter 
paper then it was observed that at 1ppm more than 80% mortality was observed in 5 
days with R. flavipus and 9 days with C. formosanus (Remmen and Su, 2005b). It was 
also confirmed in our study that at 5 ppm mortality started from day 1 and half of the 
termites were dead after two days, however the rate of kill slowed down later, 
culminating in total mortality at day 8. 
5.1.2. Deterrence of fipronil to termite workers of H. indicola  
Studies to determine deterrence of different concentrations of fipronil showed 
that although termites consumed at least some part of the blotting papers treated with 
all the concentrations, a concentration-dependent response was obvious where 
increasing concentration showed a decline in consumption of the treated substrate. 
Fipronil was not deterrent to feeding by H. indicola at a concentration range of 1 – 20 
ppm. It is reportedly a nonrepellent termiticide. Remmen and Su (2005b) reported that 
sand treated with fipronil did not repel C. formosanus and R. flavipes at concentrations 
as high as 64 ppm. Our studies further indicated that the termites would even feed on 
substrate treated at a concentration range of 1 – 20 ppm so that fipronil impregnated in 
a bait matrix can be used as a slow-acting toxicant. Based on mortality data in the 
deterrence test, there was an evident concentration-dependent mortality effect of 
fipronil, indicating that despite the deterrence effect of fipronil at concentrations higher 
than 20 ppm, termites did not completely avoid feeding on the medium treated with 
higher concentrations of fipronil, thus leading to a higher mortality rate. Mortality data 
recorded after 2 weeks showed almost complete mortality in all the concentrations, 
except at 1 ppm, in which 25% mortality was observed. 
In another same kind of study uptake, transfer and clearance of [14C] fipronil 
was evaluated in the population of R. flavipes (Kollar) by contact and feeding 
intoxication. The concentrations tested were ranging from 0.01 - 1 ppm for contact 
intoxication and 0.1 - 10 ppm for feeding intoxication. About 60% mortality was 
achieved at 0.01 ppm by feeding treated filter paper with 5 - 6 days whereas same 
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percentage of mortality was achieved by exposing termites to 5 ppm treated sand after 7 
days in case of contact intoxication (Bagneres et al., 2009).   
  In toxicity test of fipronil at 1 ppm indicated complete mortality of termite 
workers after 12 days while a lower mortality rate was observed in the choice test. A 
possible explanation may be the learnt behavior of avoidance after getting a sub lethal 
exposure to the chemical (Su et al., 1995). 
5.1.3. Transfers rate of fipronil within conspecific individuals of H. indicola 
The horizontal transfer of non-repellent insecticide is the most important 
parameter for the successful control of subterranean termites. Many laboratory and field 
studies are being conducted to see the potential of transfer of different non-repellent 
toxicants among the nest mates of same termite colony.  
Present studies on the transfer of fipronil revealed that all the concentrations 
greater than 1 ppm were able to inflict more than 50% mortality in the untreated 
(recipient) workers (Table 4.1.3). Shelton and Grace (2003), also found lethal transfer 
of fipronil to be dose-dependent. They found that C. formosanus suffered a significant 
increase in recipient mortality over control mortality when donor workers were treated 
with 100-ppm fipronil, while exposure of donors to 1-ppm insecticide did not 
consistently lead to lethal transfer of the insecticides.  Bagneres et al., (2009) noted that 
transfer from exposed donors to unexposed recipients occurred within 24 hours. Donors 
transferred approximately 46% of the toxicant to recipients. They attributed the transfer 
to social behaviors such as contact and grooming.  
During the course of recording data, we observed eaten out bodies of workers 
leaving behind only the heads (a much sclerotized part of the body) indicating the 
process of necrophagy or cannibalism) in these termites. In order to estimate the 
number of dead bodies that were eaten out, we recorded data on both the alive and dead 
donor termites in each treatment unit. When the sum of both was less than 25 (original 
number of donors), the remainder was assumed to be consumed by their fellow workers 
(donors or recipients) and were reported as percentage of the dead donors. We tried to 
correlate the number of missing dead bodies with the recipient mortality but no 
significant trend was found. Looking at the data, though a higher number of dead 
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donors were missing in 1 ppm (45%) while a very low proportion of dead donors were 
missing in 50 ppm (1.5%). This may have been due to avoidance of recipients from the 
donors treated with high concentrations of fipronil. Relatively lower recipient mortality 
in the group where donors were treated with 50 ppm also seems to support this 
hypothesis. One of such kind of study was conducted in lab to see the potential of 
horizontal transfer of 14 C radiolabeled fipronil among the workers of R. hesperus 
Bank. It was observed that both continuous and short exposure seriously affected 
horizontal transfer. There was linear relationship between time of exposure and uptake 
of fipronil when workers were continuously exposed to different concentrations for 24 
h. Mostly transferred happened though social grooming and trophallaxes and the donors 
workers did not transferred enough toxicant to recipients to do the secondary transfer 
and maximum uptake took place in first 24 h of exposure after that workers were 
immobilized and they failed to transferred it further (Saran and Rust, 2007). 
In case of our study, overall concentrations of 5 - 20 ppm were able to inflict 
significant mortality in H .Indicola (though with a relatively faster rate of kill). Ideal 
slow-acting bait is assumed to be the one that has delayed mode of action, has 
horizontal transfer capability at effective concentrations and is dose independent. Our 
studies showed that fipronil is not a typical slow-acting toxicant because at effective 
concentrations (>1 ppm), the potential of its transfer via trophallaxis is limited due to 
rapid mortality of the exposed termites. But since the living termite workers did not 
avoid contact with the dead workers intoxicated with fipronil and would rather 
consume their dead fellows, another opportunity for toxicant transfer was created via 
contact and cannibalism. This condition may have contributed to the spread of the 
chemical within the colony (even at shorter distances). Hu et al., (2006) also noted that 
dying termites (intoxicated with fipronil) seemed to attract active colony mates to 
provide them with intensive grooming and care and were more likely to be cannibalized 
by active workers.  
In our country, huge quantities of imidacloprid or fipronil are applied to protect 
agricultural fields and orchards against termites through contact toxicity. However, spot 
application of fipronil has the potential to replace general soil application of 
termiticides. Termites can be attracted in large numbers to a trap (similar to the one we 
used for termite collection) to establish multiple foraging points. We were able to 
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collect as many as 50,000 termite workers within 2 weeks (in an agricultural field, 
presence of poplar slices would be more attractive for termites than living plant 
material). If such multiple foraging points are established 10 –15 m apart and then 
replaced with a substrate treated with 5–10 ppm of fipronil, termites would readily feed 
on this bait, leading to the mortality of the ones coming in contact with the chemical 
and those feeding on this substrate. 
This mortality will be supplemented by that of the unexposed termites coming 
in contact with intoxicated workers while providing grooming care to the dying 
termites or feeding on the dead nest mates. This situation could lead to suppression, if 
not elimination, of termite populations and thus reduce crop damage. This technique 
would need far lesser amounts of the chemical and reduce non-target effects of the 
chemical, making it a more economical and environmentally safer approach for 
suppressing termite populations than flooding the soil with the termiticide. Vargo and 
Parman, (2012) investigated colony level effects of fipronil in the field conditions in a 
study for three years against the eastern subterranean termite specie R. flavipes. All the 
11 treated colonies disappeared within 90 days whereas untreated colonies remained 
active supporting the fact that fipronil has potential to spread across the colonies of 
subterranean termites which resulted in colony elimination under field conditions. The 
fact of successful transfer of fipronil was also supported by another lab study by 
Gautam et al., (2012) where 0.5% fipronil dust was applied in three different ways 
against subterranean termite speices C. formosanus Shiraki. When it was directly 
applied on the termite workers (donors) and mixed with untreated workers (recipients) 
in three different ratios, it caused significantly higher mortality in higher donor to 
recipient ratios. Similarly high mortality was observed with in 42 h in donors and 
recipients when fipronil was applied on sand and soil surfaces to treat the donors. So 
over all results showed that fipronil is non-repellent and readily transferable among 
subterranean termite.  
Apart from very low amounts of fipronil needed to kill termite populations, 
another desirable feature of this toxicant is its stability in the soil. It is relatively 
immobile in soil and has low potential to leach into groundwater. Fipronil degrades 
slowly on vegetation and relatively slowly in soil and in water, with a half-life ranging 
between 36 hours and 7.3 months depending on substrate and conditions (Tingle et al. 
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2003), making it a good candidate for use in agriculture. Huang et al., (2006) also 
showed that approximately 3 – 5 mg of fipronil could suppress foraging populations of 
Odontotermes formosanus containing 0.4 – 0.7 million foragers per colony. Further 
field studies are needed to compare the efficacy of general soil application with the 
proposed spot treatment of fipronil to reduce the damage of subterranean termites in 
agricultural fields. 
5.1.4. Foraging Behavior of H. indicola in Medium Treated with fipronil 
 Foraging behaviour of termites after getting intoxicated is an important factor, 
which could affect potential transfer of toxicant in colony. Results of foraging behavior 
of our studies revealed that regardless of the concentrations of fipronil, termite workers 
tunneled in to the treated portion of the sand though length of penetration was different. 
Penetration of H. indicola at all the tested concentrations of fipronil confirmed the fact 
that fipronil is a non-repellent termiticide. Gautam et al., (2012) also confirmed it that 
fipronil is non-repellent and readily transferable among subterranean termite when they 
applied fipronil on sand and soil surfaces to treat subterranean termite speices 
Coptotermes formosanus Shiraki. 
 Results of our study revealed that mean tunneling distance was decreased 
significantly with the increase in concentration of fipronil. At higher concentration of 1 
ppm of fipronil tunneling length was minimum (0.56 + 0.1 cm) and the mortality was 
maximum (81.6 + 6.0 %) whereas in untreated sand (control) termite workers were able 
tunnel the complete length of 13 cm with minimum mortality (5.0 + 2.8 %). Remmen 
and Su, (2005a) also confirmed our results when they tested formosan subterranean 
termite, C. formosanus Shiraki, and the eastern subterranean termite, R. flavipes 
(Kollar) against thiamethoxam and fipronil. Both termite species penetrated all the 
tested concentrations showing that both the termiticides were non-repellent but higher 
concentrations like 8 ppm of thiamethoxam and 1 ppm of fipronil caused higher 
mortalities and prevented the complete penetration.  
We found that although termite did tunnel in 3 cm thick barrier of sands treated 
with various concentrations of fipronil and they also succeeded to enter in untreated 
portion of sand except at 1ppm but they were not able to tunnel completely through it 
as they did in control. We recorded > 80% mortality at 1 ppm, > 70% mortality at 0.5 
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ppm followed by > 50% at 0.3 ppm of fipronil. These high mortalities possibly 
prevented complete tunneling when we compare it with tunneling length of 13 cm at 0 
ppm. The other possibility of cessation of tunneling at low concentrations of 0.05 and 
0.1 ppm could be slow intoxication of termite workers, which affected their tunneling 
ability. As tunnel construction requires more energy than simple walking which 
weakens the termite and accelerates moribundity when they come in contact with the 
non-repellent insecticide like fipronil, which interfere with energy production and can 
reduce the tunneling ability of termite workers(Quarcoo et al., 2012). This may also 
explain the fact that why most of the moribund termites were found at tunnel heads. 
The same phenomenon found true where continous contact of termite workers with soil 
treated higher concnetrations resulted in high mortality and low tunneling. At lower 
concnetrations although mortality was not that high but slow intoxication affected the 
tunneling ability. Saran and Rust, (2007) also found the same fact true in the tunneling 
studies where fipronil prevented the workers of R. hesperus Bank from tunneling at as 
low as 0.5ppm of concentration but it proved to be non-repellent even at 500 ppm. 
Similarly in another study six toxicants (bifenthrin, chlorfenapyr, chlortraniliprole, 
imidacloprid, indoxacarb and fipronil) were tested against C. gestroi (Wasmann) in the 
laboratory using similar glass tube as in our study. Results showed that all the tested 
toxicants except bifenthrin were proven to be non-repellent but they all prevented 
complete penetration of workers in soil treated with higher concentrations due to high 
mortality (Yeoh and Lee, 2007).   
We concluded that increased concentration of fipronil and continuous contact 
with it could reduce the tunneling ability and therefore horizontal transfer could also be 
affected as it is directly related to tunneling and walking ability of termite workers. 
Although it was also found that fipronil was non-repellent termiticide at all the tested 
concentrations against H. indicola. It seems that a brief exposure of termite workers to 
low concentrations of fipronil could be used as affective tool. Therefore spot 
application of liquid fipronil at numerous points in termite-infected area can result in 
successful dissemination of toxicant among the colony. In spot application of liquid 
fipronil, termite workers will not be in continuous touch with treated soil and after 
obtaining enough toxicant from treated area they will be able to leave it and will get 
further chance to forage in untreated areas and ultimately chances of dissemination of 
toxicant will be enhanced. Hu, (2005) also suggested the same method by using 
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commercial formulations of fipronil and indoxcarb for the management of eastern 
subterranean termite, Reticulitermes flavipes (Kollar). Nadeem et al., (2008) tested     
H.indicola (Wasmann) against three insecticide i.e. Polychlorinated petroleum 
hydrocarbon, fipronil and chlorpyrifos at different concentrations. H. indicola 
penetrated all the soils treated with different concentrations (1.56, 3.12, 6.25, 12.50, 
and 25 ppm) and it proved to be non-repellent at all the concentrations except 25 ppm. 
He also confirmed that fipronil at low doses was more effective than other insecticides. 
It is recommend from present study that sand or soil treated with > 1 ppm of 
fipronil could act as effective barrier against termite workers of H. indicola because it 
will cause high mortality and will prevent any penetration. Further detailed field studies 
are required to investigate the actual tunneling behavior of H. indicola colony in natural 
soil conditions. 
5.1.5. Trail Following behavior of H. indicola after exposure to different doses of 
fipronil 
 Trail following behaviour is another important factor that can affect the ability 
of intoxicated termite workers to disseminate the acquired toxicant among other 
untreated nestmates. Objective of present study was to determine the effect of various 
concentrations of fipronil on the trail following ability of workers of H. indicola. High 
percentage (80%) of untreated termite workers (at 0ppm or control) completed the 12 
cm long trail and only 20% left the trail or reversed on it before completion. 
Concentrations ranging from 0.05 - 0.5 ppm of fipronil also did not affect the trail 
following ability of workers and 70 - 90% successfully completed the trail. Up to 70% 
of termite workers treated with 1 ppm of fipronil lost their trail following and walking 
ability and either they left the trail or reversed back without completing the trail. 
Results of the present study revealed that high doses of fipronil could seriously hamper 
the trail following ability which ultimately could result in failure of dissemination of 
toxicant among colony. Study conducted by Rust and Saran, (2006) supported our 
findings when they exposed workers of western subterranean termite, R. hesperus 
Banks to high concentration of 50 ppm of chlorfenapyr. They noted that within one 
hour of exposure 17% termite showed impaired response to synthetic trail pheromone 
and after 4 hours 60% termite workers were not able to follow the 10 cm long trail.  
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 Speed of treated termite workers and time taken to complete the 4, 8 and 12 cm 
trail was also recorded in present study and was compared with untreated workers. 
Results showed that increasing concentrations of fipronil resulted in reduction of speed 
of termite workers and time taken was increased to complete the trails of 4, 8, and 12 
cm. A very small percentage (30%) of workers treated with 1 ppm was able to complete 
the trail but those who completed the 12cm long trail were slowed downed significantly 
i.e. 0.28 + 0.03 cm/sec when compared with the speed of untreated worker i.e. 0.78+ 
0.7 cm/sec. Reduction in speed or increase in time taken to complete the trail might be 
due to the fact that fipronil is type of insecticide which affects the energy production of 
insects. Quarcoo et al., (2012) also explained the fact that the increased exposure and 
high concentrations of non-repellent insecticides like indoxacarb and fipronil  reduced 
walking and tunneling ability of eastern subterranean termite, R. flavipes (Kollar). One 
such study was conducted in lab to see the potential of horizontal transfer of 14 C 
radiolabeled fipronil among the workers of R. hesperus Bank. It was observed that both 
continuous and short exposure seriously affected the trail following ability of termite 
and thus hampering the horizontal transfer in result of that (Saran and Rust, 2007). 
  In present study it was encouraging to know that up to concentration of 0.5ppm 
of fipronil a high percentage of termite workers did not lose their ability of trail 
following, although they slowed downed a bit in speed but they were able to complete 
the trail. This behavior could be helpful in dissemination of toxicant by exposing 
termite workers to low doses of fipronil.    
 Furthermore continuous exposure for 24 hours to fipronil at high concentrations  
before they were tested for trail following might have seriously affected them. A short 
exposure could be a solution if treatment with high concentration is absolute necessary 
to increase the amount of toxicant termite workers would needed to effectively 
disseminate among its colony members. Potter and Hillery, (2002) claimed to 
successfully control eastern subterranean termite, R. flavipes (Kollar) infestation in 12 
structures by applying only liquid fipronil. Rapid and substantial reduction in foraging 
activity was recorded at all the monitoring stations established before the application of 
fipronil. Results of this study further supported our idea of spot application of fipronil 
for successful management of subterranean termites. Still extended field studies are 
needed to strengthen our findings in natural soil conditions.  
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5.2 CHARACTERIZATION OF INDOXACARB 
Indoxacarb belongs to the oxadiazines chemical class, with low 
ecotoxicological risks. It acts selectively towards insects because of its rapid bio-
activation within active metabolites, whereas in higher animals it quickly degrades into 
inactive metabolites through alternate routes. This rapid metabolic degradation is a 
crucial factor for the safety of higher non-targets animals and humans (Wing et al., 
2000). Indoxacarb acts as sodium channel blocker, while also acting on neuronal 
nicotinic acetylcholine receptors and GABA receptors (Hu, 2005, Quarcoo et al., 
2012). 
5.2.1. Dose-response relationship of indoxacarb and termite workers of H. 
indicola 
Toxicity test results of indoxacarb showed that concentrations greater than 20 
ppm were too fast in killing exposed termites while the lower concentrations i.e. 1 and 
5 ppm did not kill the termites even within weeks. Concentration of 10-20 ppm gave 
the desired results based on the delayed mortality greater than 80% in 3 weeks time. 
ELT90 (Effective lethal time for killing 90% tested termites) was calculated as 25.3 and 
27.4 days for 10 and 20 ppm of indoxacarb respectively. This implies that indoxacarb 
has a higher toxicity at higher concentrations, which caused quick mortality but has 
delayed mode of action at relatively low concentrations and could act as slow acting 
toxicant against H. indicola. According to Su et al., (1987) most of the non-repellent 
termiticides are slow acting in nature and need longer amounts of time to express their 
lethal effects on termites at low concentrations than at higher concentrations.  
Exposed workers in three weeks time have the potential to disseminate the 
toxicant to the whole colony through process of trophallaxis and social grooming 
(Shelton et al., 2006). Yeoh and Lee, (2007) also evaluated indoxacarb by exposing 
asian subterranean termite, C. gestroi in a medium treated with different concentrations 
and also reported similar kind of results as in our study that at higher concentration of 
50 and 100 ppm, indoxacarb caused 100% mortality in less than a week whereas 10 
ppm led to relatively delayed mortality (70% ). Hu et al., (2005) investigated the 
horizontal transfer of indoxacarb among the workers of subterranean termite specie C. 
formosanus Shiraki at different concentrations and the results further supported our 
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study that higher doses caused higher mortality whereas at lower doses mortality was 
not observed until of 20 days, showing that indoxacarb has delayed killing ability 
which could be useful in successful transfer of toxicant. This would support the concept 
of colony decline by the slower acting termiticide, which is very important for termite 
control.  
Iqbal and Saeed, (2013) evaluated indoxacrab and five other insecticides 
including thiamethoxam, spinosad, fipronil, chlorfenapyr for their toxicities against 
Microtermes mycophagus D. which is another economically very important termite 
species of Pakistan which causes huge loses to agricultural crops and wooden 
structures. They found it less toxic than all the other tested insecticide except 
imidacloprid and LC50 value ranged between 8-10 ppm, which showed it delayed mode 
of action in allocated time of experiment. In another similar kind of study toxicity and 
speed of action of bifenthrin, chlorantraniliprole, cyanthraniliprole, chlorfenapyr, 
imidacloprid, fipronil and indoxacrab were evaluated against two important 
subterranean termite species, R. flavipes (Kollar) and C. formosanus Shiraki. Against 
both the termite species lethal dose toxicity (LD50) of indoxacarb ranked last among all 
the tested insecticides (Mao et al., 2011).  
All of the above studies supported our results that indoxacarb has characteristics 
of slow acting toxicant and could effectively be used for H. indicola management in 
Pakistan but still further studies are required to test it in field conditions.    
5.2.2. Deterrence of indoxacarb to termite workers of H. indicola  
Feeding deterrence test results showed that indoxacarb did not deter feeding by 
H. indicola at any of the tested concentrations. Thus termites did not distinguish 
between the untreated substrate and that treated with various concentrations up to 100 
ppm of indoxacarb. This implies that indoxacarb is not only non-repellant but also non-
deterrent at effective concentrations of 70 - 100 ppm. Although higher concentrations 
of 70 and 100 ppm affected the overall consumption of blotting paper but even smaller 
amount of treated blotting paper consumed proved to be effective enough to cause 
higher mortality in termite workers. The reason for high mortalities at these higher 
concentrations might be the combined effect of contact and oral toxicity of indoxacarb.  
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This less consumption of treated blotting paper at higher concentration (70 and 
100 ppm) could be due to the early contact intoxication of termite workers, which 
might have affected their feeding ability. This early intoxication was also the reason of 
less consumption of untreated blotting paper in the same petri dish. As termites did not 
avoided the contact with treated blotting paper and also consumed it at all the tested 
concentrations we can safely conclude that indoxacarb acted as non-repllent and non-
deterrent toxicant against the workers of H. indicoal. Yeoh and Lee (2007) also 
confirmed that indoxacarb was a non-deterrent insecticide when they tested it against 
Coptotermes gestroi (Wasmann) at the concentration of 1, 10, 50 and 100 ppm (w/w) 
because termite did not show any repellency and tunneled though the treated medium. 
Spomer, (2009) studied the efficacy of indoxacarb and chalortraniliprole and confirmed 
that termites showed no deterrence towards indoxacarb and at the same time it was 
more toxic to termites when applied in the soil in comparison with chlorantraniliprol. A 
follow up study by Spomer et al (2011), indoxacarb and chlorantraniliprol at 
concentrations of 1250 and 2500 mg per L was tested against the subterranean termite 
R. flavipes in different types of soils. They concluded that although worker termites 
were not able to tunnel through the indoxacarb treated soil but they did not showed any 
repulsion.   
Another positive conclusion from our study was the delayed mortality caused 
by indoxacarb e.g at highest concentration of 100 ppm where mortality was around 
50% at 1st week which gradually increased up to near 100% till the end of 2nd week. 
This slow acting characteristic of indoxacarb could prove to be an important tool for the 
management of H. indicola because it would lead to possible transfer of toxicant from 
treated workers to other untreated workers in the colony. Shelton et al., (2006) 
explained that exposed workers with delayed mortality have the potential to 
disseminate the toxicant to the whole colony through processes like trophallaxis and 
social grooming. Hu et al., (2006) also observed very interesting phenomenon that 
termites intoxicated with non-repellent insecticide attracted other active or non-
toxicated colony memebers to provide them intensive grooming and care and they were 
also more likely to be cannibalized by active workers which also assisted the transfer of 
toxicant. Hu (2005) also confirmed indoxacarb’s delayed mortality and non-repellency 
when she evaluated mortality and penetration of eastern subterranean termite R. 
flavipes and Formosan subterranean termite C. formosanus in treated soil in the 
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laboratory.  Indoxacarb and fipronil were tested at five concentrations (0, 1, 10, 50, and 
100 ppm) and two thicknesses (20 mm and 50 mm). Fipronil caused faster and greater 
mortality than indoxacarb at all the corresponding concentrations.  
5.2.3. Transfer rate of indoxacarb within Conspecific Individuals of H. indicola 
Indoxacarb is considered to be non-repellent and slow acting toxicant (Neoh et 
al., 2012). In the present study its horizontal transfer potential from donors (treated 
termites) to recipients (untreated termites) was determined against H. indicola 
Wasmann. Transfer studies were conducted with concentrations ranging from 10 ppm 
to 100 ppm of indoxacarb and results were compared with 0 ppm or control in the lab 
after releasing both donors and recipient together for 10 days. 
High donor’s mortalities (>50%) were recorded at concentrations equal or 
greater than 5 ppm of indoxacarb but recipient’s mortality remained below than 50% at 
all tested concentrations except at 70 and 100 ppm. This might be due the fact that at 
low concentrations ranging from 1- 50 ppm, donors failed to transfer sufficient amount 
of toxicant to the recipients resulting in lower mortality of recipients. The mortality 
recorded was 93 and 99% in recipients, which were released together with the donors 
exposed to 70 and 100 ppm of indoxacarb respectively. The high recipient’s mortality 
showed the significant transfer of indoxacarb from donors to recipients at these high 
concetrations. Indoxacarb’s horizontal transfer was also investigated by Hu et al., 
(2005) among the workers of C. formosanus Shiraki. The doses of 0, 10, 20, 50, 100 
and 200 ng AI/donor were tested in lab using various donors: recipient’s ratios and 
exposure times for effective transfer of indoxacarb. Results supported our findings that 
higher doses caused greater recipient’s mortality than lower doses and highest dose of 
200 ng/donor resulted in 100% donors and recipients death in less than three weeks 
time. Delayed mortalities also showed the slow acting characteristic of indoxacarb, 
which helped ultimately in transfer of toxicants. Rust and Saran, (2006) also confirmed 
that mortality was dose dependant and 100 ppm of chlorfenapyr caused 100% kill in   
R. hesperus Banks donors which translated into 96% kill of recipients. Buczkowski et 
al., (2012) evaluated another non-repellent slow acting toxicant chlorantraniliprole for 
its toxicity and horizontal transfer against subterranean termites, R. flavipes (Kollar). 
Termite workers were exposed to various concentrations of chlorantraniliprole ranging 
from 5 to 100 ppm. Although they found it highly toxic at all the tested concentrations 
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but it proved to be highly efficient in transfering at concentrations of 25 and 50 ppm of 
chlorantraniliprole. Both concentrations caused 100% mortality in donors and 
recipients after three weeks of releasing them together. Mortalties of recipients varied 
with varying concentrations of indoxacarb, donor exposure durations and donors: 
recipient’s ratios. Increased doses and exposure usually causes greater effects on the 
subterranean termites (Hoi, 2007).  
Neoh et al., (2012) investigated the effectiveness of non-repellent inseciticides 
including chlorantraniliprole, imidacloprid, bifenthrin, chlorfenapyr fipronil, and 
indoxacarb against C. gestroi (Wasmann) and reported that amount of toxicant taken by 
donor termites transferred to recipients termites was concentration based. Shelton, 
(2009) performed donors recipient transfer studies of two non-repellent insecticide, 
indoxacarb and chlorantraniliprole in three colonies of R. flavipes (Kollar). In contrast 
to our results, two out of three colonies showed no response to indoxacarb whereas all 
of three colonies showed response to chlorantraniliprole. This could be due to different 
termite specie we used in our experiment and this also implies that different 
subterranean termites show different response against same non-repellent termiticide.  
The high donor mortalities at higher concentrations and then followed up high 
recipient mortality might be due their social behaviour i.e. grooming, trophallxes and 
care of intoxicated (donor) termite workers from non-toxicated (recipient) termite 
workers.  Hu et al., (2006) explained that dying termites receive extra care and 
grooming from other active colonymates and they never been kicked out or isolated. 
The other possible reason was that non-toxicated active termite workers were trying to 
remove the toxicant attached to intoxicated termites to minimize the fatal effect. The 
same might be the reason in our study where dying donors intoxicated with 70-100 ppm 
received extra groomed by recipients and that social interaction resulted in successful 
transfer of sufficient amount of indoxacarb causing higher mortalities in recipients. 
Another extra-added effect which resulted in higher mortalities could be the missing 
dead donors which were supposed to be eaten by recipients (cannibalism). Kubota et 
al., (2008) also explained the transfer of toxicant from donors to recipients through 
trophallaxes, cannibalism and social grooming when they investigated horizontal 
transmission and lethal dose of bistrifluron in C. formosanus Shiraki. He confirmed that 
once toxicant taken up by donors remained in their body for several weeks and kept on 
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transferring to their nestmates through trophallaxes and some toxicant stuck to the 
donor’s bodies and transferred through social grooming.   
5.2.4. Foraging behavior of H. indicola in medium treated with indoxacarb  
Foraging or tunneling is an important characteristic of subterranean termites 
which is investigated by many scientists in the lab and field to understand different 
factors affecting their this ability and then positively utilizing it for making termite 
management strategies (Smith and Rust, 1990, Su, 1997, Singer and Forsrhle, 2000, 
Gahlhoff and Koehler, 2001, Campora, 2004). 
We also investigated the tunneling behaviour of termite workers of H. indicola 
in the glass tubes provided with 3 cm of sand treated with different concentrations of 
indoxacarb followed by 10 cm of untreated sand moistened with distill water (Table 
4.2.5). Results showed that termites tunneled freely in the zone treated with lower 
concentrations of 0.5 ppm and 1 ppm of indoxacarb; rather they also entered in 
untreated zone although they did not tunnel the whole length like they did in control. 
They managed to tunnel only 55.3% and 28.2% respectively of the total length but 
mortality remained less than 30%.  At concentrations of 5 ppm and greater termites did 
not able to cross the treated zone they only tunneled less than 10% of total length. High 
mortality at these concentrations prevented the deep penetration. At highest dose of 50 
ppm termites only tunneled 0.1 + 0.03 cm and mortality recorded was 100%. The 
results of previous study agreed with our findings where Hu, (2005) evaluated mortality 
and penetration of eastern subterranean termite R. flavipes and Formosan subterranean 
termite C. formosanus in treated soil in the laboratory.  Indoxacarb and fipronil were 
tested at five concentrations (0, 1, 10, 50, and 100 ppm) and two thicknesses (20 mm 
and 50 mm). Both termite species tunneled completely except at 50 ppm of indoxacarb 
and 50 mm of soil thickness where they died before tunneling.  
Although mortality was less at lower concentrations as compared to the higher 
concentrations but even then less tunneling lengths were found in comparison with 
control; were might be due to presence of dead termites at the tunnel heads. Live 
termites possibly avoided the dead termites, which is supported by the same kind of 
behavior that was also observed by Smith and Rust, (1991) when they conducted lab 
studies to determine the factors affecting the tunneling behavior of subterranean 
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termites (R. hesperus Banks). Termites failed to penetrate layers of fellow dead termites 
at tunnel head. Fei and Henderson, (2005) also agreed with our hypothesis that dead 
Formosan subterranean termites prevented the passage of other alive foragers 
regardless of the fact that dead termites were treated with termiticide or not. 
In our study concentrations as low as 5 ppm of indoxacarb did not allow 
termites penetration beyond treated zone or barrier suggesting that it could also act as 
chemical barrier against workers of H. indicolaI at this dose. Less than 50% mortality 
at 5 ppm after seven days of experiment suggested that indoxacarb also acted as slow 
acting toxicant at this particular concentration and at the same time effectively ceased 
the tunneling activity. Extended experiments up to two or three weeks might have 
produced 100% mortality with the same tunneling lengths. Hoi, (2007) also evaluated 
indoxacarb and some other toxicants (chlorfenapyr, bifenthrin, chalorantraniliprole, 
fipronil and imidacloprid) against C. gestroi for barrier penetration and tunneling 
activity. He concluded that indoxacarb was able to suppress the foraging activity and 
response of termites in the treated sand suggested that repellency or non-repellency 
might be depend upon toxicant dose or concentration. 
At concentrations greater or equal to 50 ppm of indoxacarb, termite workers 
might get intoxicated very early and thus their ability to tunnel would be adversely 
affected in treated sand and would stop tunneling but early contact with treated sand 
resulted in their ultimate death. Campora, (2004) also demonstrated that foragers that 
came in contact or ingested lethal amount of toxicant did not remain and died in 
vicinity of treated medium. Penetration ability of R. flavipes (Kollar) in various 
concentrations and treatment thickness was evaluated against Dursban TC 
(Chlorpyriphos) and Premise 75 (Imidacloprid) in lab. Penetration found to be 
indirectly proportional to concentrations and directly proportional to the mortality. As 
the concentrations increased, penetration was decreased and vice versa whereas with 
the increase in concentration, mortality was also increased. Termite workers only 
penetrated few millimeters in medium treated with 500 ppm of Dusrsban regardless of 
the thickness of treated barrier (Gahlhoff and Koehler, 2001). Yeoh and Lee, (2007) 
tested six termiticides (chlorfenapyr, chlorantraniliprole, bifenthrin, imidacloprid, 
fipronil and indoxacarb) against the Asian subterranean termite C. gestroi (Wasmann). 
All termiticides able to stop termite penetration at more than 10 ppm and mortalities 
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caused were found to be concentration dependent. Just like our results more tunneling 
was observed at concentrations lesser or equal than 1 ppm. Remmen and Su, (2005a) 
tested two toxicants thiamethoxam and fipronil against two subterranean termite 
species, C. formosanus Shiraki, and R. flavipes (Kollar) and also demonstrated that 
high mortalities prevented termite penetration in 5 cm thick chemical barrier and 
fipronil at 1 ppm and thiamethoxam at 8 ppm acted as effective soil barrier.  
Another quality of indoxacarb which could make it effective soil barrier is its 
low downward movement in soil, as explained by Spomer et al., (2011) who tested 
indoxacarb in sandy loam and silty loam soils and recorded non-significant downward 
movement in both type of soils when compared with other toxicant like 
chlorantraniliprole. Indoxcarb did not move downward from the area of application.   
5.2.5. Trail following behavior of H. indicola after exposure to different doses of 
indoxacarb 
Trail following is one of the most important characteristic of subterranean 
termites which helps them in foraging for food. Although many scientists had isolated 
the trail pheromone originally from termites but there are also many synthetic 
compounds, which mimic the trail following pheromones of termites, and could be used 
for trail following studies. Some inks of the ball points also contain such chemicals 
which elicit trail following behavior in termites e.g 2-phenoxyethanol is reported to be 
identified from ink ballpoint pens which had elicited trail following behavior in 
subterranean termites (Cornelius, 2005a, Quarcoo et al., 2012). In our study we also 
used ball point’s ink for studying trail following behavior of H. indicola workers 
(treated with various concentrations of indoxacarb) by drawing 12 cm line on blotting 
paper. Although scientists had used different methods to find out the trail following but 
the simplest way is reported to draw a line of trail following pheromone or 
semiochemical on paper or glass and observe whether termite follow that trail or not 
(Su, 2005b).  
Results of our study revealed that all the termite workers treated with 50 ppm of 
indoxacarb failed to follow the trail and reversed or left the trail even before 4cm mark. 
The termite’s walking and trail following ability was seriously affected and they 
stopped at one point and moved in circles and they failed to recognize the trail. 
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Therefore time taken by termites to complete the trail or speed with which they 
followed the trail was not determined.  Rust and Saran, (2006) also supported our 
results and reported that workers of western subterranean termite, R. hesperus Banks 
when exposed to high doses of non-repellent termiticide showed impaired response to 
synthetic trail pheromone and after 4 hours 60% termite workers were not able to 
follow the 10 cm long trail. Quarcoo et al., (2010) conducted behavior based studies 
involving non-repellent insecticides using R. flavipes (Koller). He also stated that non-
repellent insecticides (indoxacarb and fipronil) when applied at high doses caused 
disorientation, un-coordinated movements and lack of walking ability  
Concentrations of indoxacarb ranging from 0.5 ppm to 20 ppm did not affect the 
trail following behavior of termite workers significantly when compared with control; 
about 70-80% termites successfully completed the trail. Similarly time taken to 
complete the trail distance of 4, 8 and 12 cm remained the same at all the tested 
concentrations except at 20 ppm where termite workers took significantly higher travel 
times (27.27 + 1.83 sec) than control (16.51+ 1.73 sec) to complete the 12 cm of trail. 
Overall an insignificant increase in travel time taken was observed for the rest of 
intermediate concentrations. Quarcoo et al., (2012) also reported that higher 
concentration (100 ppm) of indoxacarb caused complete cessation of walking after 14 
hours in termite workers of eastern subterranean termite, R. flavipes (Kollar). They also 
reported adverse effect of increasing concentrations of indoxacarb on trail following or 
walking ability of workers.  
Same trend was recorded in speed with which termite workers completed the 
trail. The gradual insignificant decrease in speed was recorded from 1 ppm (0.56 
cm/sec) to 20 ppm (to 0.43 cm/sec). But speed of untreated workers and those which 
treated with 0.5 ppm was significantly higher than all other tested concentrations. It 
was also noticed that speed of workers remained fairly constant at all the points (4, 8 
and12 cm) during completion of trail when they were treated with any single 
concentration. The workers of H. indicola observed to be highly sensitive to any 
treatment although at lower concentrations change was insignificant and at higher 
concentrations change was prominent. Saljoqi et al., (2012) also reported that H. 
indicola worker travelled less distance and with reduced speed when they exposed to 
different organic extracts.  
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Although speed of workers was bit reduced but it was worth knowing from our 
study that indoxacarb did not affect a high percentage of termite workers even at 20 
ppm and 70% termite completed the trail in comparison to control where 80% 
completed the trail after 24 hours of exposure. So exposed workers to concentrations up 
to 20 ppm of indoxacarb could travel and socialize with nest mates within the colony in 
natural environment and could possibly successfully disseminate the toxicant.  
5.3 CHARATERIZATION OF CHLORFENAPYR 
 Chlorfenapyr is basically a termiticide which belongs to aryl-substituted cyano-
pyrrole. It has broad-spectrum activity against large number of insects and mites. The 
pyrrole metabolite acts by uncoupling the oxidative phosphorylation and thus by 
disrupting the mitochondrial membranes which ultimately affect the energy production 
and results first in cell’s death followed by insect’s death (Saran, 2006)  
5.3.1. Dose-response relationship of chlorfenapyr and termite workers of H. 
indicola 
 Dose response studies were conducted to determine the effect of various 
concentrations of chlorfenapyr on mortality of workers of H. indicola. Test 
concentrations ranging from 1 to 500 ppm resulted in rapid contact mortality except in 
1ppm where it took more than 10 days to kill the 100% of exposed termites. At 1 ppm 
of chlorfenapyr ELT50 and ELT90 recorded were 2.7 and 8.6 days respectively. We it 
was found that chlorfenapyr had very high contact toxicity against H. indicola, which 
could make it a good candidate for barrier treatment much like fipronil. Its low water 
solubility and low leaching ability are added advantages to make it even more ideal 
termiticide for soil application. Yeoh, (2007) evaluated six non-repellent termiticides 
(bifentrin, chalorantraniliprole, fipronil, imidacloprid, indoxocarb and chlorfenapyr) 
against Asian subterranean termite C. gestroi (Wasmann) in lab and reported same that 
both chalorfenapyr and fipronil killed the termite even with slight contact and showed 
similar efficacy.  Our results agreed with Yeoh (2007) in that chlorfenapyr was highly 
effective against subterranean termites even at very low doses.   Rust and Saran, (2006) 
suggested the same in their study that chlorfenapyr could be used in soil as an effective 
chemical barrier because of its non-repellency and high mortality. They had tested it for 
its toxicity, transfer, effect on tunneling and trail following against western 
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subterranean termite, R. hesperus. Brief exposure of one hour to 75 ppm chlorfenapyr 
treated sand resulted in 88% mortality after a week but termites were not repelled even 
at 300 ppm which shows its non-repellency. Our results suggested that continuous 
exposure of 24 hours to concentrations greater than 1 ppm of chlorfenapyr resulted in 
quick knock down of termites. Iqbal and Saeed, (2013) reported chlorfenapyr as highly 
toxic against Microtermes mycophagus D; economically important specie of Pakistan. 
They found it the most toxic among all tested insecticides like fipronil, spinosad, 
thiamethoxam, indoxacarb and imidacloprid. Mao et al., (2011) also explored the 
toxicity of chlorfenapyr along with new generation soil termiticides against 
subterranean termites. The lethal dose toxicity of chlorfenapyr found to be lowest 
among fipronil, chlorantraniliprole, cyantraniliprole and imidacloprid. 
 The fast kill rate of chlorfenapyr at relatively higher concentrations along with 
its non-repellency against H. indicola made it good candidate as a soil termiticide 
where quick knock down of termite is required. Manzoor et al., (2012) also found 
chlorfenapry highly toxic and non-repellent against H. indicola in laboratory bioassay 
where 97% mortality was achieved in about 8 hours after exposure to higher 
concentrations. 
  Our dose response study on chlorfenapyr also suggested that its toxicity was 
dose dependent because at 1ppm or less it showed relatively delayed mortality. At low 
concentrations, exposed termites would be killed in more time and they might be able 
to transfer the toxicant to other naive nest fellows through trophallaxes, social 
grooming and cannibalism.  
5.3.2. Deterrence of chlorfenapyr to termite workers of H. indicola  
When chlorfenapyr treated blotting paper was offered as food substrate along 
with untreated blotting paper in feeding deterrence test, termites fed on it irrespective of 
the concentration used during the first week showing that chlorfenapyr was non-
deterrent at all the tested concentrations up to 1st week. Yeoh and Lee (2007) reported 
the same results when chlorfenapyr was tested at the concentration of 1, 10, 50 and 100 
ppm (w/w), it showed no deterrence at low concentrations and termite tunneled easily 
through treated medium but its deterrence properties were mainly concentration 
dependent. They also reported that at higher concentrations chlorfenapyr was deterrent 
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to those termites and the consumption was less than treated blotting paper verses of 
controls. I recorded similar results in my study, where during the second week at 100 
ppm blotting paper consumption was significantly reduced (10.90 + 1.42 mg) compared 
to that of untreated blotting paper (21.26 + 2.30 mg). It was also evident from p value 
which was < 0.02 at 100 ppm. The highest acceptable or non-deterrent concentration 
was 50 ppm after two weeks. The avoidance of termite workers from feeding of 100 
ppm treated blotting paper might be due to the learnt behavior after getting a sub lethal 
exposure to the non-repellent insecticide (Su et al., 1995). The sub lethal exposure up 
to 50 ppm did not cause any repulsion or deterrence in termite workers from treated 
substrate and that might be the possible reason of high consumption of treated blotting 
paper at these lower concentrations. Although the consumption of treated blotting paper 
alone and also the total consumption of both treated and untreated paper was high at 
low concentrations (1-50 ppm) of chlorfenapyr but mortality remained less than 25% 
even after two weeks. The low mortalities at these concentrations suggested that 
amount of toxicant was not enough to cause high mortality in termite workers. Even at 
100 ppm mortality recorded was 60% after two weeks. The possible reason of low 
mortality at 100 ppm could be less consumption due to avoidance of treated blotting 
paper. Other than learnt bahviour of avoidance, or  higher concentrations, chlorfenapyr 
acted similar to fast-acting toxicant and quickly killed in-contact termites and resulted 
dead corpses near the treatment area, which might have caused repellency towards 
healthy termites (Su et al., 1995). In another experiment, Shelton et al., (2006) recorded 
worker’s mortality of R. flavipes by exposing them to high concentrations of 
chlorfenapyr (50, 100, 250, and 500 ppm),  all the exposed workers died within 5 days 
of treatment supporting our findings that chlorfenapyr could act like fast acting 
insecticides for exposed termites at higher concentrations.  
Although at 100 ppm there was less consumption of treated blotting paper but at 
the same time it was also observed that even a less amount of chlorfenapyr consumed 
by termites was enough to cause worker’s mortality up 60%. This mortality could be 
due to the combination of contact and feeding toxicity of chlorfenapyr. The termite 
workers during feeding would came in contact with 100 ppm treated paper; they might 
have picked toxicant up within their bodies which resulted in added mortality along 
with mortality caused by feeding toxicity.  Rust and Saran, (2006) tested chlorfenapyr 
against subterranean termite R. hesperus Banks for its deterrence at different 
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concentrations and it did not repel the termites even at higher concentration of 300 ppm 
and termites tunneled in treated sand. They also confirmed high toxicity of 
chlorfenapyr because termite workers were able to tunnel 0.1 to 1.8 cm in treated sand 
and in the process 70% of population died. Manzoor et al., (2012) also stated 
chlorfenapyr as non-repellent and non-deterrent insecticide but with high toxicity which 
caused high mortality (97%) in H.indicola in short period of time.  
Our results of feeding deterrence test in lab and other previous studies 
conducted suggested that chlorfenapyr was not effective toxicant against termite 
workers of H. indicola. At concentration equal or higher than 100 ppm it proved to be 
deterrent and at relatively lower concentrations it was not deterrent but it did not cause 
the desired feeding mortality. But it could be good candidate of chemical barrier when 
applied in soil due to its non-repellency. We also concluded that its deterrence was dose 
dependent. 
5.3.3. Transfer rate of chlorfenapyr within conspecific individuals of H. indicola. 
The horizontal transfer of non-repellent insecticide from exposed individuals to 
unexposed nest mates is very important characteristic for the successful management of 
subterranean termites. Present transfer’s investigation was being conducted to see the 
potential transfer of chlorfenapyr among workers of H. indicola. 
Results of our study showed high donor’s mortality (98 - 100%) when exposed 
for 24 hours to blotting paper treated with concentrations ranging from 1-10 ppm. But 
recipient mortality remained very low i.e. 5-11% when released with the donors 
exposed to these concentrations for 10 days except at 1 ppm of chlorfenapyr where 
significantly higher recipient mortality (86%) was achieved in same amount of period. 
The high recipient’s mortality was evident of successful transfer of chlorfenapyr from 
donors to recipients at 1 ppm.  
Rust and Saran, (2006) also investigated chlorfenapyr’s horizontal tranfer in 
subterranean termite R. hesperus Banks and recorded 100% donor’s mortality after 
brief one hour exposure to 100 ppm of chlorfenapyr and 96% mortality in recipients 
when released together with donors indicating sufficient transfer of toxicant. Although 
there is difference between the doseages they used (100 ppm) and the dose (1 ppm) 
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used in our experiment for achieving the same mortality rates. This could be due to the 
difference in exposure time; the donors were exposed for 24 hours in our study as 
compared to only one hour exposure time in their experiment. The exposure time plays 
very important role in acquiring sufficient amount of toxicant to cause required 
mortalities. Hoi, (2007) investigated six insecticides (fipronil, chlorantraniliprole, 
bifenthrin, chlorfenapyr, indoxacarb and imidacloprid for their horizontal transfer in C. 
gestroi and also enforced this fact that mortalities of recipients varied significantly with 
different toxicants, donor’s exposure time and donor: recipient ratio.   
 The higher recipient’s mortality at 1 ppm might be due to delayed mortality of 
donors whereas at higher concentrations ranging from 3 to 10 ppm where donors were 
killed rapidly before transferring the toxicant to the recipients. At 1 ppm the donors 
were assumed to be intoxicated and they had sufficient time to acquire an effective 
amount of toxicant to cause high mortality in untreated workers. This possible transfer 
of toxicant from exposed termite workers to the unexposed nest mates was also 
investigated by many researchers for other non-repellent insecticides like indoxacarb 
(Hu et al., 2005) chlorantraniliprole (Buczkowski et al., 2012, Neoh et al., 2012, 
Puckett et al., 2012) fipronil (Shelton and Grace, 2003, Hu et al., 2006, Saran and Rust, 
2007, Spomer et al., 2008, Bagneres et al., 2009, Gautam et al., 2012) and imidacloprid 
(Shelton and Grace, 2003). All of them reported significantly higher mortalities of 
unexposed termites when they were released with exposed termites confirming the 
successful transfer of the non-repellent insecticides. 
 Looking at the percentage of missing dead donors, which was non-significantly 
different at all, the tested doses, it was different from control where missing dead 
donors were higher. These missing dead donors were assumed to be consumed by 
untreated recipients.  Theses results indicate that it did not affect the percent recipient’s 
mortality because the percent missing dead donors ranged from 30-36% at 
concentrations greater than 1 ppm but mortality remained less than 11%. Whereas at 1 
ppm with the same number of dead missing donors, the recorded recipient’s mortality 
was more than 80%. This indicated that cannibalism was not significant factor for the 
transfer of chlorfenapyr rather most of the transfer occurred thgouh social grooming. 
Shelton et al., (2006) also explained that donors picked up the toxicants when they 
were exposed to the treated medium and that toxicant adhered to the cuticle and 
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transfered to the recipients during social grooming. This could be the reason in our 
experiments that at higher concentrations there were low recipient mortalities because 
donors were killed quickly and they did not have sufficient time to socialize with 
recipients to transfer the lethal amount of toxicant. Although at 1 ppm donor’s mortality 
was also 98% at the end of 10 days but they remained alive for more time after 
intoxication and they only died in the last few days. As reported by Shelton et al., 
(2006) there is only a small amount of chlorfenapyr required per donor to cause the 
high recipient mortality, therefore 1 ppm was enough to cause more than 80% recipient 
mortality.  
Results of our transfer studies suggest that chlorfenapyr is capable to transfer 
from donors to recipients of H. indicola but it was dose dependent. Donors exposed to 
the medium treated with low doses of chlorfenapyr get more time to effectively transfer 
the toxicant to recipients. So overall we can conclude that chlorfenapyr was better 
candidate for soil application than to be used in baits.  
5.3.4. Foraging behavior of H. indicola in medium treated with chorfenapyr. 
Subterranean termites usually get to their food sources by foraging into the soil 
(Carr, 2011) and termiticides which are applied in soil usually prevent their entry into 
structure by disrupting their penetration into the treated soil. Foraging studies are 
usually conducted by researchers to evaluate the different toxicants for their minimum 
effective doses and their deterrence (Remmen and Su, 2005a). 
 The present studies were conducted to evaluate the foraging or tunneling ability 
of subterranean termite specie H. indicola in the sand treated with different 
concentrations of chlorfenapyr. Results showed that termites were able to tunnel in all 
the treated sands, although tunneling lengths were significantly different from each 
other. At concentration range of 0.1 – 3 ppm of chlorfenapyr termites crossed the 
treated zone of 3 cm and also tunneled into the untreated zone upto different lenghts but 
in 5 – 7 ppm treated sand although termites only tunnelled in the treated zone and never 
went beyond it. Termite foraging in treated sand showed that chlorfenapyr was non-
repellent and non-deterrent to the workers of H. indicola at all the tested 
concentrations.   
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 Although the chlorfenapyr did not significantly affect the survival of termites in 
the sand treated with 0.1 and 0.5 ppm but their tunneling ability was reduced after 
coming in contact with treated sand. This reduced tunneling behavior also reported by 
Forschler, (1994) in his study when he tested different toxicants against subterranean 
termites. Significantly higher mortalities (>70%) were recorded in the sand treated with 
concentrations ranging from 1 – 7 ppm. At 1 ppm the mortality recorded was maximum 
(91.6 + 4.4); this might be due to double effect of direct contact with treated sand and 
also transfer trough social grooming because at relatively low concentration of 1 ppm 
workers delayed mortality provided more time to workers obtain the toxicated with sub 
lethal doses and thus transfer the toxicant to the other untreated workers. Whereas 
mortality remained between 71 to 76% in sand treated with concentrations ranging 
from 3 – 7 ppm but tunneling was significantly reduced. Yeoh and Lee, (2007) also 
reported significant reduction in tunneling at all the concentrations more than 10 ppm 
when they tested chlorfenapyr against subterranean termites. They also agreed with our 
results that mortalities were dose dependent. Reduced tunneling at high doses could be 
due to high mortalities or learnt behavior of termites to avoid their own dead nestmates 
(Su et al., 1995). Rust and Saran, (2006) also reported the dose dependent mortalities in 
western subterranean termites R. hespercus Banks when exposed to different 
concentrations of chlorfenapyr for different durations. Similarly Hoi, (2007) also tested 
chlorfenapyr along with 6 other insecticides against subterranean termite specie C. 
gestroi for their barrier penetration ability and tunneling in treated sand. He agreed with 
our results that chlorfenapyr was able to suppress the foraging activity of termites at all 
the tested concentration although mortality found to be dose dependent. Higher 
concentrations of insecticides when applied in soil could cause sever reduction in 
tunneling due to higher mortality of tunneling workers of subterranean termites (Smith 
and Rust, 1991).  
 Sohail et al., (2014) reported similar tunneling behavior of  H. indicola where 
they tunneled long distances in sand treated with lower concentrations of non-repellent 
insecticides but maximum tunneling was recorded in untreated sand and minimum 
distances were travelled in sand treated with higher doses.  
 Chlorfenapyr did not completely cease the tunneling activity of termite workers 
even at highest tested concentrations and allowed termites to forage in treated sand. 
 117 
Mulrooney and Gerard, (2009) also confirmed this characteristic when they exposed R. 
flavipes (kollar) workers to sand treat with different concentrations of fipronil, 
imidacloprid and chlorfenapyr. Fipronil and imidacloprid both significantly reduced 
tunneling at 1 ppm as compared to chlorfenapyr whereas after 7 days mortality record 
was 99% in case of 1 ppm chlorfenapyr same as was in our study 
 Overall we concluded from our foraging study that chlorfenapyr could be a 
good candidate for soil application for management of H. indicola because it allowed 
foraging without repelling them and later on also caused effective mortality. Su et al., 
(1982) divided termiticides into three types i.e. type I, II and III. Type I repel the 
termites, type II readily killed the in contact termites whereas types III are those which 
allowed termites to forage freely and then killed them. Chlorfenapyr falls in type III of 
insecticides, which allowed termites to tunnel freely in treated medium and then caused 
high mortality.   
5.3.5. Trail Following behavior of H. indicola after exposure to different doses of 
chlorfenapyr 
  Trail following is an important characteristic of subterranean termites which can 
be explored for their control or management.  The objective of our trail following study 
was to determine the effect of various doses of chlorfenapyr on the trail following 
behavior of termite workers of H. indicola. Results showed that chlorfenapyr did not 
affect a high percentage (60 – 80%) of termites when they were exposed to < 3 ppm of 
chloefenapyr for 24 hours and they were able to complete the 12 cm long trail. On the 
other hand termite workers exposed to blotting paper treated with 5 ppm of 
chlorfenapyr were greatly affected with 80% termites not completing the trail and left 
or reversed the trail even before 4 cm. Only 20% termites, which completed the trail 
were significantly slow and took significantly more time (44.04 + 1.19 sec) as 
compared to untreated termites (16.51+ 1.73 sec) to complete the trail. Obviously the 
speed of the termites treated with 5 ppm was also greatly reduced i.e. 0.27 cm/sec as 
compared to untreated termites where average speed for completing 12 cm long trail 
recorded was 0.78 cm/sec. At intermediate concentrations although termites took more 
time to complete the trail and their speed was also less as compared to untreated 
termites but high percentage were able to complete the trail which was a helpful point. 
Good slow acting and non-repellent insecticides usually give ample time to termite 
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workers to forage in the treated area and interact with their other unexposed nest mates 
before killing them or making them immobilize by toxicifation (Quarcoo et al., 2012). 
Chlorfenapyr was also found to be a somewhat of non-repellent insecticide which 
allowed the intoxicated termite workers to follow the trail and did not affect their 
mobility or walking ability to great extend when they were released on 12 cm trail after 
24 hours of exposure to blotting paper treated with concentrations up to 3 ppm. Trail 
following of intoxicated termite workers plays an important role in successful 
dissemination of toxicant. The results of present study imply that chlorfenapyr at the 
rate of 3 ppm or less could prove to be very effective for intoxication and dissemination 
among the colony members of H. indicola. 
We also concluded that increased concentrations (> 5 ppm) of chlorfenapyr 
reduced the trail following and trailing ability of exposed termite workers which could 
result in failure of horizontal transfer to unexposed members of colony. Rust and Saran, 
(2006) agreed with our results when they treated western subterranean termite, R. 
hesperus Banks with high concentration of 50 ppm of chlorfenapyr. They observed that 
within one hour of exposure 17% termite showed impaired response to synthetic trail 
pheromone and after 4 hours 60% termite workers were not able to follow the 10 cm 
long trail. One of such kind of study was conducted in lab to see the potential of 
horizontal transfer of 14 C radiolabeled fipronil among the workers of R. hesperus 
Bank. It was observed that both continuous and short exposure seriously affected the 
trail following ability of termite and thus hampering the horizontal transfer of the 
termiticide (Saran and Rust, 2007). Quarcoo et al., (2010) conducted behavior based 
studies involving non-repellent insecticides and R. flavipes (Koller). The also stated 
that non-repellent insecticides (indoxacarb and fipronil) when applied at high doses 
caused disorientation, lack of walking ability and un-coordinated movements.  
It is assumed that subterranean termites in family Rhinotermitidae during 
foraging creates a systematic network of trails and then tunnels which are made to 
follow those trails. Once food is located, a recruiting trail is laid back to the royal 
chamber to allow more workers to reach the food source (Carr, 2011). If in their search 
for food they are exposed to chlorfenapyr they could easily take toxicant to their 
nestmates and transfer it to the king, queen and other unexposed nest mates. Although 
many lab studies have been conducted to determine the effect of chlorfenapyr’s 
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toxicity, repellency and horizontal transfer in subterranean termites (Shelton et al., 
2006, Manzoor et al., 2012, Rust and Saran, 2006) however, very little emphasis has 
been given to trail following of subterranean termites especially H. indicola under the 
influence of chlorfenapyr. Therefore, the present study would be very helpful in 
plotting any management strategy. 
5.4 CHARACTERIZATION OF IMIDACLOPRID 
 Imidacloprid is a chloro-nicotinyl insecticide that is extensively used as soil 
termiticide.  It penetrates the insect’s central nervous system and selectively binds to 
postsynaptic nicotinic acetylcholine receptors (nAChRs) where it acts as an antagonist 
to increase excitatory neurotransmission (Tomalski et al., 2010) 
5.4.1. Dose-response relationship of imidacloprid and termite workers of H. 
indicola 
 Toxicity of imdiacloprid was evaluated at different doses against the 
subterranean termite specie to establish the dose response relationship. Two ranges of 
imidacloprid concentrations were tested. Lower concentrations ranging from 1 – 70 
ppm showed low mortalities (32.8 – 59.9%) after 20 days. ELT 90 calculated ranged 
between 32.4 – 44.5 days for the tested concentrations.  
Due to low mortality rates at lower concentrations of imidacloprid another 
series of relatively higher concentrations (100 – 500 ppm) were tested against workers 
of H. indicola. Results showed that all the doses higher than 200 ppm resulted in 
significant worker mortality (> 80%) within a period of 12 days. ELT50 and ELT90 
calculated ranged between 4 – 8 days and 8 – 16 days respectively for the 
concentrations ranging from 100 – 500 ppm of imidacloprid. The lesser days for ELT50 
and ELT90 at higher range of concentrations showed higher toxicity of imidacloprid 
against H. indicola. The possible reason for low mortality at lower doses was the 
recovery of termites from sublethal exposure to imidiacloprid because subterranean 
termites and other insects have the ability to recover from sublethal doses of 
insecticides. Thorne and Breisch, (2001) reported this characteristic of subterranean 
termites when they exposed R. virginicus (Banks) to sublethal doses of imdicaloprid 
and then allowed them to recover in untreated soil for one week. They observed that 
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recovered termite workers behaved just like their untreated fellow workers and they did 
not avoid the imidacloprid treated medium when they were again exposed to it. 
We recorded dose dependent mortality of H. indicola against imidcloprid. The 
increase in concentration resulted in higher mortality of exposed termite workers and 
vice versa. Gahlhoff and Koehler, (2001) reported same when they exposed R. flavipes 
(Kollar) to various concentrations of imidacloprid. Up to 100 ppm imidacloprid treated 
soil, termite’s mortality was equal or greater 75% mortality whereas up to 1 ppm 
imidacloprid caused equal or less than 50% mortality in the exposed termite workers. 
Hoi, (2007) also agreed with our results and explained that higher amount of active 
ingredient and more exposure time could significantly increase the mortality rate in 
tested termite workers. He further explained that toxicities of insecticides depend upon 
number of factors like different active ingredients, duration of exposure time of termite 
to medium treated with toxicants. Saran et al., (2014) evaluated toxicities of fipronil, 
imidacloprid and chlorantraniliprole against workers of subterranean termite by 
exposing them to treated substrate. Toxicity of imidclprid reported to vary greatly at 
different concentrations.  
The toxicity of imidcloprid could vary against different subterranean termite 
species and at different doses. As far as H. indicola was concerned in our experiment 
the concentrations 300 – 500 ppm of imidacloprid seemed to be more effective and 
caused higher mortality in workers when they were exposed for 24 hours to treated 
blotting paper. Fei and Henderson, (2005)  experimental results were in accordance 
with our results where they found imidacloprid and fipronil more toxic at higher doses 
than acetamaprid when tested against Formosan subterranean termites, both toxicants 
had showed greater rates of mortality in termite workers which were exposed to them in 
treated medium. On the other hand imidacloprid found to be less toxic at lower 
concentrations against H. indicola in our dose response relation experiment. Iqbal and 
Saeed, (2013) also reported same when they tested imidacloprid along with other 
insecticides like spinosad, chlorfenapyr, indoxacarb, fipronil and thiamethoxam against 
Microtermes mycophagus D. They further discussed the difference in toxicities, could 
be due to different mode of actions of various insecticide and also insects ability within 
their mechanism to detoxify the toxicants. Tomalski et al., (2010) reported that termites 
were able to recover from imidacloprid intoxication, by metabolizing the active 
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ingredient, if removed from the treated food (wood treated at 50 ppm of Imidacloprid).  
In another similar kind of study conduted by Mao et al., (2011) where toxicities of 
seven insecticides including bifenthrin, chlorantraniliprole, cyanthraniliprole, 
chlorfenapyr, imidacloprid, fipronil and indoxacrab were evaluated against two 
important termite species, R. flavipes (Kollar) and C. formosanus Shiraki. The LC50 and 
LD50 of all the insecticides calculated varied greatly from each other and against both 
termite species.   
On the basis of our dose response experiment we concluded that toxicity of 
imidacloprid was dose dependent and it was found effective against only at 
concentrations higher than or equal to 300 ppm against workers of H. indicola when 
they were exposed for 24 hours to treated blotting paper.  
5.4.2. Deterrence of imidacloprid to termite workers of H. indicola  
 To investigate the deterrence of imidacloprid, termites were offered treated and 
untreated blotting papers in a glass petri dish. Results showed that consumption of 
blotting paper treated with concentrations greater than 100 ppm was significantly lower 
than untreated blotting paper indicating the deterrent effect on termite workers of H. 
indicola or in other words imidacloprid was not found to be feeding stimulant at these 
concentrations. On the other hand the consumption was insignificantly different 
compared to untreated blotting paper and of that treated with 100 ppm showing the 
non- deterrence of imidacloprid at this dose. However, mortality recorded was 
minimum (45%) at 100 ppm compared to higher mortalities (93 – 100%) at 
concentrations ranging from 200 – 500 ppm. Although termite workers fed very little 
on blotting papers treated with higher concentrations but higher mortalities recorded 
might be due combined effect of contact and oral toxicity of imidacloprid. Qi, (2009) 
tested termiticides against Formosan subterranean termites and also reported that high 
mortalities at deterrent doses were due to the combination of consumption toxicity and 
contact toxicity. Our results showed that consumption of all the treated blotting papers 
remained almost the same and difference was insignificant between the consumptions 
at non-deterrent dose of 100 ppm and deterrent doses of 200 – 500 ppm. But inspite of 
insiginificant difference in consumption the difference in mortality might be due to the 
high contact toxicity of imdicloprid at deterent doses. The termite feeding on treated 
blotting papers and regular contacts showed that imidacloprid did not act as repellent 
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termiticide though it became deterrent at much higher doses i.e. 200 – 500 ppm.  Rust 
and Saran, (2006) also reported the similar results in that higher concentrations of non-
repellent insecticides can become deterrent against subterranean termites. Termite 
workers continous contacts with blotting paper treated with these high concentrations 
resulted in higher mortalities whereas 100 ppm appeared to be a dose where termites 
were able to recover from contact intoxication and therefore mortality remained low. 
Tomalski et al., (2010) also explained that subterranean termites had the ability to 
convert the low doses of imidacloprid into its metabolites which are less toxic than 
imidacloprid it self. This could also be the other reason in our experiment that mortality 
remained low at 100 ppm. Concentration based mortality was clear in our results which 
was also reported in earlier studies where increased concentration of non repellent 
termiticides resulted in high mortality whereas low mortalities were recorded at lower 
doses (Gahlhoff and Koehler, 2001, Hoi, 2007, Yeoh and Lee, 2007, Mulrooney and 
Gerard, 2009, Peterson, 2010a).  
Given the fact that imidaclopri was unable to cause a significant feeding 
mortality at concentrations <200 ppm and at the same time such concentrations were 
not acceptable to H. indicola for feeding, this toxicant was not found suitable candidate 
for its use in baits. Osbrink et al., (2005) tested imidacloprid (0.05%) against Formosan 
subterranean termite, C. formosanus Shiraki and reported that imidacloprid failed to 
produce the required morality when applied as bait because it did not reduce the 
population adjacent to the treated areas.  
On the basis of our deterrence study results we concluded that imidacloprid 
became deterrent at effective doses and at comparatively lower doses where it was non-
deterrent, it did not provided the required termite mortality. Thus imidacloprid was not 
found to be good candidate to be used in bait matrix for H. indicloa.  
5.4.3. Transfer rate of imidacloprid within conspecific individuals of H. indicola. 
Potential horizontal transfer of imidacloprid was investigated from donors 
(exposed) to recipients (un-exposed) termite workers of H. indicola because success of 
any toxicant against subterranean termites heavily depends upon its transfer ability. 
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Results showed more than 70% donor’s mortality after 10 days when they were 
exposed to blotting paper treated with different concentrations of imidacloprid for 24 
hours. The lowest tested concentration of 100 ppm killed 77% of the donors. The 
increased in concentration resulted in higer mortality. At highest concentration of 500 
ppm it reached up to 92%. Mulrooney and Gerard, (2009) also reported 100% donor’s 
mortality after one week due to imidacloprid exposure.  
The recipient’s mortality recorded was minimum (29%) when released in equal 
ratio with donors exposed to 100 ppm whereas donors’s mortality was high (77%) but it 
was not translated in to high recipient’s mortality because donors were directly exposed 
to blotting paper and they might have acquired sufficient amount of toxicant, which 
caused high mortality. But the amount of toxicant transferred by these donors to their 
counter part recipient was not enough to exhibit the required mortality. Puckett et al., 
(2012) also reported significant high percent mortality of donors which were directly 
exposed to sand treated with low doses of non-repellent insecticide as compared to un-
exposed termites. For all the other concentrations, recipient’s mortality was more than 
70% which was indication of successful transfer of lethal amount of imidacloprid from 
donors to recipients. Hoi, (2007) evaluated different non-repellent termiticidal 
formulations against subterranean termite C. gestroi for their horizontal transfer from 
exposed termites (donors) to unexposed termites (recipients). He reported the same 
attribute of toxicants as in our experiment that mortalities of recipients varied with 
different concentrations to which their counterpart donors were exposed. Saran et al., 
(2014) also characterized three toxicants including imidacloprid, chlorantraniliprole 
and fipronil for their horizontal transfer among conspecific individuals of termites and 
reported same dose dependent mortality of recipients. Neoh et al., (2012)  in their study 
to investigated the effectiveness of non-repellent inseciticides including 
chlorantraniliprole, imidacloprid, bifenthrin, chlorfenapyr fipronil, and indoxacarb 
against C. gestroi (Wasmann) and stated that amount of toxicant taken by donor 
termites transferred to recipients termites was concentration based.    
The percentage of missing dead donors remained low and ranged between 0 – 
8% and were non-significantly different from each other at different concentrations. 
The missing dead donors were assumed to be consumed by other un-exposed fellows. 
The low percentage of missing dead donors implied that transfer of toxicant was not 
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attributed to cannibalism or nacrophagy. So the main source of transfer seemed to be 
social grooming and trophallaxes. Kubota et al., (2008) also explained the transfer of 
toxicant from donors to recipients through trophallaxes and social grooming when they 
investigated horizontal transmission and lethal dose of bistrifluron, a benzophenylurea 
in C. formosanus Shiraki. They confirmed that once the toxicant was taken up by 
donors it remained in their body for several weeks and kept on transferring to their 
nestmates through trophallaxes while, some toxicant stuck to the donor’s bodies and 
transferred through social grooming. The intoxicated workers exposed to treated 
blotting papers could have been groomed by un-exposed termite workers and in the 
process acquired toxicant which resulted in their mortality. Hu et al., (2006) also 
observed in their study that dying termites received extra care and grooming from their 
fellow un-exposed termite workers and they were never been left alone. A possible 
reason was that non-toxicated active termite workers were trying to remove the toxicant 
attached to intoxicated termites to minimize the fatal effect.  
Basis on the results of horizontal transfer rate study of imidacloprid, we 
concluded that imidacloprid had potential to transfer from exposed to unexposed 
termite workers of H. indicola at concentrations equal or higher than 200 ppm. In our 
previous experiment we reported imidacloprid as deterrent for feeding at these 
concentrations. However, it can apply be used as liquid bait in soil against H. indicola 
rather than mixing in any feeding bait matrix. In contrast to our results, Osbrink et al., 
(2005) reported imidacloprid can not be used as liquid bait against Formosan 
subterranean termite specie C. formosanus. In accordance with our results it’s also been 
reported as successful soil termiticide against many species of subterranean termites in 
many earlier studies (Ahmed and Farhan, 2006, Peterson, 2007, Parman and Vargo, 
2010).  
5.4.4. Foraging behavior of H. indicola in medium treated with imidacloprid 
Foraging behaviour of subterranean termites in medium treated with any 
termiticide is an important factor in their management (Su et al., 1982). In the present 
experiment tunneling behavior of termite workers of H. indicola was investigated in 
glass tube having sections of treated and untreated sand with different concentrations of 
imidacloprid.   
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The concentrations ranging from 50 – 300 ppm killed 80 – 94% of the termites 
when they tunneled only 0.1 – 0.4 cm in treated sand whereas at lowest tested 
concentration of 20 ppm, tunneling was 1.4 cm, which was slightly greater. Overall in 
all treated sands containing imidacloprid tunneling remained significantly lesser than in 
untreated sand at 13 cm. At 20 ppm the maximum tunneling length in treated sand was 
achieved with more than 70% mortality, which was significantly greater than mortality 
(5%) in the controls.  
Results showed that termites were not able to cross the barrier of 3 cm of treated 
sand even at the smallest tested concentration of 20 ppm of imidacloprid. Although 
imidacloprid is non-repellent insecticide but it negated the penetration of H. indicola. 
This might be due to rapid knock down of termites, because they first came in contact 
with treated sand. Sometime non-repellent toxicants at some higer concentrations also 
act like fast acting toxicants (Su et al., 1982). It was observed in our experiment that 
imidacloprid did not repel the termites at any concentration but the low penetration was 
due to its higher toxicity against H. indicola.  Remmen and Su, (2005a) agreed with our 
results and reported that non-repellent insecticides like fipronil and thiamethoxam 
caused higher mortality and prevented the penetration of formosan subterranean 
termite, C. formosanus Shiraki, and the eastern subterranean termite, R. flavipes 
(Kollar). Similarly in another study by Yeoh and Lee, (2007) various non-repellent 
termiticides including imidacloprid were tested against C. gestroi (Wasmann) in the 
laboratory and results showed that all the tested toxicants except bifenthrin were proven 
to be non-repellent but they all prevented complete penetration of termites in soil 
treated with higher concentrations due to high mortality.  Parman and Vargo, (2010) 
determined the effect of imidacloprid on foraging behaviour of Reticulitermes spp in 
the field conditions where soil around various infected structures were treated. Their 
findings were the total cessation of termite activity in the treated area. However the 
results of Osbrink et al., (2005) study contradicted with our results where soil 
application of imidacloprid did not impact the nearby populations of C. formosanus  
and they did not declare the imidacloprid fit for liquid bait model. The difference in 
results could be due the different termite species used in the experiments.  
Based on our results termites did not tunnel beyond the 1 cm in most of the 
tested concentrations except 20 ppm where they tunneled just  beyond the 1 cm in 
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treated sand. This might be due to the retention of imidacloprid in top 1cm of treated 
sand barrier. Due to accumulation of more concentrated active ingredient in top  1cm of 
sand barrier more causalities occurred which prevented the deep penetration and 
ultimately resulted in less tunneling distances. Peterson, (2010a) explained this fact in 
his study where he treated the different soils with various concentrations of liquid 
formulations of imidacloprid and fipronil. They confirmed that regardless of soil type 
or application method, the concentration of active ingredient was maximum in top 1 cm 
of treated soil and with the increase in concentration; amount of active ingredient was 
also increased in top 1 cm of soil. Therefore in our experiment with the increase of 
concentration mortality was increased and tunneling did not go beyond the top 1 cm of 
sand barrier. 
It was also observed that in none of the treatment mortality reached up to 100% 
and some of the termites remained alive even at the end of experiment i.e. 7 days but 
they never were able to tunnel further because sublethal exposure to imidacloprid 
affected the foraging behaviour and they did not have the required strength to tunnel 
any more. The same phenomenon explained by Thorne and Breisch, (2001) that 
sublethal exposure of imidacloprid affected the tunneling behavior of subterranean 
termite specie R. virginicus and their tunneling ability was seriously hampered. 
Gahlhoff and Koehler, (2001) evaluated tunneling ability of R. flavipes (Kollar) at 
different concentrations and thicknesses in soil treated with imidacloprid and agreed 
with these results that termites penetrated very little in the treated soil and mortality 
recorded was high. This low penetrations and high mortalities exhibited by 
imidacloprid were also reported by Hoi, (2007) and Saran et al., (2014) in their 
respective studies against different species of subterranean termites. 
Fei and Henderson, (2005) explained another reason of less tunneling in 
imidacloprid treated soils. They stated that imidacloprid had high toxicity against 
subterranean termites and dead termites killed by initial contact with imidacloprid 
treated soil prevented other foragers to tunnel further. Furthermore dead termite barriers 
that had been killed by imidacloprid caused greater rate of mortality in other foragers 
and it also lead to avoidance of that area by other unexposed termites. I also observed 
most of the dead termites at the tunnel heads, which probably resulted in low 
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penetration.   Mulrooney and Gerard, (2009) reported 100% mortality after one week in  
R. flavipes (Kollar) termites due to the tunneling in medium treated with imidacloprid.  
 The conclude from our results that imidacloprid could be used for effective soil 
barrier against H. indicola due to its high toxicity and ability to prevent the penetration 
of termite workers but it has its limitation regarding its use as liquid bait model. It did 
not allow termites workers to forage freely in treated medium to facilitate the 
dissemination of toxicant to unexposed colony members.  
5.4.5. Trail-following behavior of H. indicola after exposure to different doses 
imidacloprid 
Most of the subterranean termites follow the trails laid by their other nest mates 
during foraging in search of food. Many scientist have evaluated these pheromones 
released by termites and isolated the compounds responsible for trail following 
behaviour. Lacey et al., (2011) investigated trail following behaviour in indo-malayan 
termite Hodotempsis sjoestedti and isolated syn-4,6-dimethylundecan-1-ol responsible 
for trail following through processes like solid phase micro-extraction (SPME), gas 
chromatography (GC) and mass spectrometry (MS). Another compound (Z,Z,E)-3, 6, 
8-dodecatrien-1-ol extracted from whole body of subterranean termite species C. 
formosanus Shiraki and  R. virginicus (Banks) held responsible for trail following 
(Cornelius and Bland, 2001). 
Other than these natural pheromones there are some non-pheromone chemicals, 
which elicit trail following behaviour in termites because they mimic the natural trail 
following pheromones. One of such chemical is 2-phenoxyethanol which is also used in 
inks of some ball point pens, subterranean termites are reported to follow the trail 
drawn by those inks (Cornelius, 2005a, Quarcoo et al., 2012). Although scientists have 
used different methods to study the trail following but the simplest way is reported to 
draw a line of trail following pheromone or semiochemical on paper or glass and 
observe whether termite follow that trail or not (Su, 2005b).  
  In the present study I also drew 12 cm long trail by this ink and made termite 
workers of H. indicola follow this trail after exposing them to different concentrations 
of imidacloprid. The impact of various concentrations of imidacloprid was investigated 
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on the percentage of termite workers completing the trail plus time taken to complete 
the trail and speed with which they completed the trail.  
Results of trail following studies showed that imidacloprid greatly affected the 
percentage of termite workers which were able to complete the trail. Only 40% and 
20% termite workers were able to complete the 12 cm long ink trail, which were 
exposed to 10 and 20 ppm treated blotting paper respectively.  Termites treated with 50 
– 100 ppm were not able to complete the trail at all and left it or reversed on it even 
before 4 cm of distance. It was observed that intoxicated termites paused on trail for 
long periods of time. They looked disoriented and seemed to have lost ability to follow 
the trail. Tomalski et al., (2010) explained that imidacloprid penetrates the nervous 
system of insects and increases the excitatory neurotransmission that might have caused 
the failure of trail following in H. indicola in present study. Quarcoo et al., (2010) 
stated that non-repellent insecticides when applied at high doses caused disorientation, 
un-coordinated movements and lack of walking ability in subterranean termites.  
 Termites exposed to 10 and 20 ppm took significantly more time than untreated 
termites to complete the trail whereas time taken was not calculated for termites that 
were exposed to blotting paper treated with more than 50 ppm of imidacloprid because 
not a single termite was able to complete the trail. Similarly speed of treated termites 
recorded was also significantly reduced compared to untreated termites.  Rust and 
Saran, (2006) study results were in accordance with ours that workers of western 
subterranean termite, R. hesperus Banks when exposed to high doses of non-repellent 
termiticide showed impaired response on synthetic trail pheromone and  more than 60% 
termite workers were not able to follow the 10 cm long trail. Quarcoo et al., (2012) also 
reported that higher concentration of non-repellent toxicant caused complete cessation 
of walking after 14 hours in the eastern subterranean termite, R. flavipes (Kollar).  
 We concluded that imidacloprid was the type of non-repellent insecticides that 
seriously hampered the trail following behaviour of H. indicola. On the basis of our 
results, I can further conclude that imidacloprid was not found to be good candidate of 
feeding bait model.  
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5.5 CHARACTERIZATION OF HEXAFLUMERON 
Hexaflumuron (benzophenyl urea) is basically an insect growth regulator (IGR) 
which acts as chitin synthesis inhibitor and interrupts the molting process in insects 
(Vahabzadeh et al., 2007). It had been in use for controlling number of insect pests and 
also reported to be very effective against many subterranean termite species (Su and 
Scheffrahn, 1993, Su, 1994). 
5.5.1. Dose-response relationship of hexaflumron and termite workers of H. 
indicola 
Blotting paper was treated with different doses of hexaflumuron and workers of 
H. indicola exposed for 24 hours and then mortality was monitored daily. Results 
showed that all the concentrations ranging 100 – 5000 ppm caused less than 50% 
mortality whereas only 10,000 ppm concentration was the dose which caused more 
than 70% mortality in 25 days. At lowest tested concentration of 100 ppm of 
hexaflumuron both ELT50 and ELT90 were not determined as they were beyond the 
projection limit of probit analysis. It was also evident that hexaflumuron was totally 
ineffective at concentrations equal or less than 100 ppm.  Projected ELT90 values using 
probit analysis for the other concentrations equal or less than 5000 ppm were more than 
100 days. Whereas at 10,000 ppm ELT50 and ELT90 calculated were 25 and 74 days 
respectively. Delayed and dose dependent mortalities at all the tested concentrations 
confirmed that hexaflumuron acted as slow acting toxicant against H. indicola because 
slow acting toxicants constantly take longer time to kill their target insect pests.  Plus 
mortality is always dose dependent for slow acting toxicant whereas acute toxicants kill 
the target insect pest rapidly both at low and high concentrations (Su et al., 1987). The 
delayed mortality exhibited by hexaflumuron can also be explained on the fact that it is 
a chitin inhibitor and unlike other non-repellent insecticides that attack the nervous or 
metabolic system, it requires molting stage in insects for expressing its mortality 
(Sheets et al., 2000). Doppelreiter and Korioth, (1981) reported delayed mortality in 
workers of H. indicola at different range of concentrations of diflubenzuron by 
inhibiting development. The 1000 ppm dose killed 100 % termite workers in 14 weeks. 
The longer time taken by hexaflumuron to kill the workers of H. indicola workers in 
our study might prove beneficial for ensuring dissemination of toxicant to entire colony 
though trophallaxes and social grooming.  
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 Results of our experiment showed that hexaflumuron caused increased mortality 
in tested termites with the increase in concentration. ELT90 for highest concentration of 
10,000 ppm projected as little more than 3 months, which was lower than all the other 
concetrations. Similar results are reported by Haagsma and Rust, (2005) when they 
evaluated effects of hexaflumuron on mortality of western subterranean termite, R. 
hespercus Banks. Exposure of workers to substrate treated with hexaflumuron, 
mortality started from day 8 and more than 90% mortality was achieved in 45 days. 
Amount of hexaflumuron calculated was 280 ng per termite after the exposure of 12 
days to treated substrate. Although in some earlier studies hexaflumuron reported to be 
effective at very low concentrations against various species of subterranean termites 
(Su and Scheffrahn, 1993, Su et al., 1997) but the results of present study  revealed that 
only effective dose was 10,000 ppm with relatively low ELT90 as compared to other 
concentrations. The reason might be difference in termite species and also the exposure 
time which was 24 hours in our experiment, as hexaflumuron is chitin inhibitor termite 
might need more time to feed on treated substrate.  
 We concluded from our dose response studies on hexaflumuron that higher 
doses were required to cause effective mortality in workers of H. indicola when they 
were exposed for limited time (24 hours) to a treated blotting paper. 
5.5.2. Deterrence of hexaflumuron to termite workers of H. indicola  
Number of benzoylphenylureas (chitin synthesis inhibitors) had been exploited 
in baits for management of subterranean termites and extensive research work had been 
reported for testing different IGRs against different subterrean termite speices (Rojas 
and Morales-Ramos, 2001, Rojas and Morales-Ramos, 2003, King et al., 2005, 
Habibpour, 2008, Sukartana et al., 2009, Lewis and Forschler, 2010). 
In feeding deterrence test, termite workers of H. indicola were offered both 
untreated blotting paper and those treated with various concentrations of hexaflumuron. 
Consumption of blotting papers and mortality were recorded after week one and two 
and subjected to t - test for evaluation of concnetrations at which hexaflumuron became 
deterrent. Results showed that after one week there was insignificant difference 
between the consumption of untreated and blotting paper treated with concentrations 
ranging from 100 ppm to 500 ppm. Howver, at 1000, 5000, and 10,000 ppm the 
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difference in consumption was significant showing that termites avoided the treated 
blotting paper as compared to untreated blotting paper. A similar trend continued into 
the second week, the consumption rate of treated blotting papers at concentrations 
exceeding 1000 ppm was significantly lower than untreated.  
Our results with hexaflumuron indicated a very low toxicity of this toxicant 
against H. indicola because concentrations as high as 5000 ppm were unable to cause a 
significant mortality in termites. Mortality remained significantly low at all the 
concentrations except at 10000 ppm where around 80% termites were killed after two 
weeks. On the other hand all the concentrations greater than 1000 ppm were found to 
deterrent to the termites. This indicated that hexaflumuron could not be used effectively 
against H. indicola because as a general rule when the dose causing a significant 
mortality is greater than the minimum deterrence threshold, the toxicant is not 
considered as good candidate for slow-acting toxicant bait. In accordance with our 
results Kubota et al., (2008) also reported hexaflumuron was less effective in 
eliminating colonies of Formosan subterranean termites. He further reported 
bistrifluron was more efficient than hexaflumuron. Vahabzadeh et al., (2007) also 
reported hexaflumuron as less effective insect growth regulator as compared to 
lufenuron against subterranean termite, R.flavipes  
Whereas in contrast with our results in some earlier studies hexaflumuron 
reported could be used in a feeding bait model. For example Su and Scheffrahn, (1993)  
evaluated hexaflumuron and diflubenzuron for their potential use as bait toxicants 
against two subterranean termite species, C. formosanus and  R. flavipes in lab choice 
test. More than 125 ppm and 62.5 ppm doses were found to be deterrent to C. 
formosanus and R.  flavipes respectively whereas only >15.6 ppm and >2 ppm were 
required to cause 90% mortality after nine weeks in C. formosanus and  R. flavipes 
respectively which were far less than the minimum deterrent dose. They further 
concluded that hexaflumuron was more effective than diflubenzuron against both the 
termite species. Similarly Ripa et al., (2007) also reported hexflumuron as more 
successful in controlling subterranean termites,  R. flavipes   when they evaluated it for 
its potential and efficacy along with sulfluramid and two soil termiticides, fipronil and 
cypermethrin. Su et al., (1998) also reported that termite bait having hexaflumuron as 
IGR was found successful in controlling the R. flavipes (Kollar) infestation in Statue of 
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Liberty National Monument. There could be several reasons for such a big contrast as 
recorded in theses studies. First of all I did not use the active ingredients in pure form 
rather we had to use the only available marketed formulation (Kolfen) by Burhan 
Chemicals, the purity of which was not confirmed. Secondly we exposed the termites 
for 24 hours feeding after which they were moved to untreated medium trying to mimic 
the field situation, where the workers are not always confined with the bait for 
indefinite period and rather forage for food for a while and then move on. When Su, 
(1994) mixed in hexaflumuron a bait matrix and two subterranean termites, R. juuipes 
(Kollar) and C. formosanus Shiraki were forced to feed on bait matrix and then were 
allowed to transfer it to their other colony mates. It was reported that about 90 – 100%  
of the termite population were killed by consuming approximately 4 – 1500 mg of 
hexaflumuron. Thirdly different subterranean termite species show different response to 
same toxicant e.g. Su and Scheffrahn, (1996) evaluated hexaflumuron against C. 
formosanus and R. flavipes, the threshold deterrence doses reported were > 8000 ppm 
and >4000 ppm respectively but in our results showed that hexaflumuron against H. 
indicola, became deterrent at doses exceeding than 1000 ppm. 
   In our experiment although blotting paper treated with 10,000 ppm was 
deterrent to termites and they consumed it less in presence of untreated blotting paper 
but even that little consumption resulted in more than 80%mortality. It means if forced 
termites can feed on matrix having hexflumuron as active ingredient, desired mortality 
can be achieved. Haagsma and Rust, (2005) confirmed that if subterranean termites are 
continuously fed on filter paper treated with hexaflumuron, trophallaxes among the 
donors and recipients became more efficient and mortality rates increased. The 
presence of alternative source of food reduced the consumption of hexaflumuron and 
transfer rate was also reduced from treated workers to untreated termite workers. 
Perrott, (2003) compared the consumption and mortality in subterranean termites in 
choice and no choice tests. He confirmed that mean mortality was significantly higher 
in termites, which were fed only on hexaflumuron but consumption reduced 
significantly in the presence of untreated diet. Su et al., (1997) reported that 
hexaflumuron consumption was greatly varied when they applied it in-ground stations 
as compared when they were applied above ground stations. It was the indication that 
in natural conditions hexflumuron consumption  of deterrent concentrations can be 
increased and mortality rate can also be enhanced. Su et al., (1989) also suggessted that 
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termite baits effectiblity for control of subterranean termites should be evaluated in 
concdtions that replicate actual use. Thus by applying hexaflumuron in  a bait in natural 
termite habitat conditions could give us better results regarding its consumption at 
effective doses.    
Another way to increase its consumption or to make it non-deterent at effective 
doses is to mix it with some more attractant bait matrices. Sattar, (2007) experimented 
on same idea of increasing palatability of termite bait. He tried different constituents 
including carbohydrates, termite body extract and agar in termite bait and fed it to the 
workers of H. indicola. He concluded that overall crude termite body extract was more 
attractant whereas 3% glucose (carbohydrate) increased the survival and 3% agar 
increased the palatability. Similarly Su and Scheffrahn, (1996) reported that feeding 
deterence of hexaflumuron was less against subterranean termites when it was mixed 
with saw dust in comparison to impregnating wooden blocks.  
Another possible solution to feed termites on deterent but effective doses is to  
forcibly feed them on effective concentrations of hexaflumuron and then release them 
with other colony mates for effective desemination of toxicant. Habibpour, (2008) also 
successfully evaluated this possibility in choice and forced feeding trials of bait 
formulations containing Flurox (IGR) against Microtermes diversus (Silvestri).  
5.5.3. Transfers rate of hexaflumuron within conspecific individuals of H. 
indicola 
Potential horizontal transfer of hexaflumuron was investigated from donors 
(exposed to blotting paper treated with different concentrations) to recipients (un-
exposed) by releasing them together in equal ratio in confined arena for 10 days. 
Success of any toxicant or insect growth regulator against subterranean termites mainly 
depends upon its transfer ability. Results showed that donor and recipient mortalities 
both remained low < 7% up to concentration of 250 ppm.  At 500 ppm and 1000 ppm 
donor’s mortality increased significantly and reached 29% and 56% respectively but 
recipient mortality remained less than 7% indicating insufficient transfer of 
hexaflumuron at these concentrations. At 5000 ppm and 10000 ppm donor’s mortality 
increased significantly and reached up to 62% and 77% respectively and recipient’s 
mortality also increased significantly and recorded as 34% and 59% respectively 
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showing effective amount of hexaflumuron’s transfer. Increased recipient mortality 
showed that untreated termites were acquiring sufficient amount of hexaflumuron from 
donors, which were exposed to blotting papers treated with those higher concentrations. 
Extended experiment beyond 10 days might have resulted even higher recipient’s 
mortality because IGRs usually require more time to elicit higher mortalities. Any IGR 
which successfully transfers in sufficient amounts from donors to recipients would be 
good candidate to incorporate in termite baits. Hexaflumuron had been reported to be 
successfully used in termite baits against various species of subterranean termites. Su 
and Scheffrahn, (1993) evaluated hexaflumuron and diflubenzuron in lab for their 
potential as IGRs to be incorporated in bait against formosan and eastern subterranean 
termites. They reported that 90% workers were killed after 9 weeks by a dose more 
than 15.6 ppm and 2 ppm in Formosan and eastern termites respectively. They further 
reported that hexaflumuron was more effective in controlling termites than 
diflubenzuron. Su, (1994) evaluated hexaflumuron against field populations of same 
two subterranean termites. Foraging points were first established by installing wooden 
stakes and then termites collected from these wooden stakes were forced to pass 
through bait tubes placed in place of wooden stakes. Termites fed on bait containing 
hexaflumuron were allowed to mix with un-fed field populations and 90-100% 
reduction was observed in overall population of termite colony. Su et al., (1997) in 
another study applied bait containing hexaflumuron on above ground on active foraging 
points of Formosan subterranean termites and their results proved feasibility of 
applying bait on above ground active foraging points and termite workers who fed on 
bait successfully transferred toxicant to recipients and all the five tested colonies of 
subterranean termites were successfully eliminated. The success of any IGR is reported 
to be dose dependent e.g. Hoi, (2007) evaluated different non-repellent termiticidal 
formulations against subterranean termite C. gestroi for their horizontal transfer from 
exposed termites (donors) to unexposed termites (recipients). Same attribute of 
hexaflumuron was observed in our experiment where mortalities of recipients varied 
with different concentrations. Neoh et al., (2012) and Saran et al., (2014) also stated 
that amount of toxicant taken by donor termites transferred to recipient’s termites was 
concentration based.    
  Our transfer study results showed that although hexaflumuron elicited 
recipient’s mortality at higher concentrations which were deterrent but by mixing 
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hexaflumuron with more palatable and attractive bait matrices or by increasing donor’s 
exposure time and by forced feeding them on the deterrence concentrations, it  could 
further enhance these mortality rate and might make these deterrent doses effective. 
Sheets et al., (2000) also reported that although hexaflumuron rate of intake and 
transfer from donors to recipients was concentrations dependent against eastern 
subterranean termites (R. flavipus). However, once donors acquired the sufficient 
amount of hexaflumuron they efficiently transferred it to the recipients through 
trophallaxes and distributed it through out the colony and resulted in gradual reduction 
in termite population and ultimately elimination of colony. He further explained that 
successful transfer of the hexaflumuron was its stability inside the body of termite 
workers, they failed to metabolize it into other non-effective metabolites and they were 
slow in clearing the toxicant from their bodies. Sajap et al., (2000) reported 0.5% 
hexaflumuron could prove very effective when mixed in cellulosic bait matrices against 
Coptotermes curvignathus Holmgren. The workers were collected from field 
monitoring traps and were forcibly fed on bait and then recruited again in natural 
population with untreated workers.  Their data showed that after 2-3 weeks all the four 
tested colonies ceased feeding on monitoring stations and assumed to be eliminated 
after consumption of hexaflumuron containing bait. Haagsma and Rust, (2005) also 
supported the fact that trophallaxis from donors to recipients were more efficient when 
donors were continuously fed on hexaflumuron treated filter paper. So in our case one 
possibility to make 5000 ppm and 10000 ppm doses more effective against H. indicola, 
we might have to force the workers to feed on hexaflumuron treated blotting papers and 
then introduce those donors into the unexposed or untreated workers for successful 
dissemination of toxicant though out the colony in field. Although missing dead donors, 
that were supposed to be consumed by recipients were insignificantly different at 
treatments, these donors who were killed by higher doses and later on consumed by 
fellow untreated workers might have contributed in additional mortality of recipients 
recorded at higher concentrations.    
5.5.4. Foraging behavior of H. indicola in medium treated with hexaflumuron 
Foraging or tunneling response of workers of H. indicloa was investigated in 
glass tubes filled with sand treated with various concentrations of hexaflumuron 
ranging from 100 to 10,000 ppm. The possible use of hexaflumuron as liquid soil 
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termiticide barrier against H. indicola was explored under laboratory conditions. 
Results showed that all the tested concentrations had significant effect on the foraging 
behaviour when compared with the foraging behaviour in untreated sand. Termite 
workers were able to tunnel whole length i.e. 13 cm in untreated sand at the end of 
seven days of experiment. Whereas in sand treated with 100 and 250 ppm of 
hexaflumuron tunneling distances were recorded as 9.2 cm and 4.0 cm respectively. 
The termite workers were able to cross the treated soil barrier of 3cm at these doses 
with < 25% mortality. The tunneling distance was significantly reduced to 0.27 cm in 
sand treated with 500 ppm of hexaflumuron and mortality reached up to 48%. Termites 
were unable to tunnel at all in sand treated with 1000 and 10,000 ppm with mortality 
significantly increased to 83.3% and 100% respectively. Although hexaflumuron is not 
known for its direct application as liquid bait or barrier in soil but our results showed 
that it was able to inhibit the termite invasion at concentrations of 500 ppm and greater.  
In 500 ppm treated soil, termites tunneled very little in seven days. This might 
be due to the early contact of termite workers with hexaflumuron treated during the 
tunneling which resulted in 48% mortality and then rest of the termites might have 
avoided the dead corpses piled at tunnel heads. Fei and Henderson, (2005) supported 
this phenomenon that dead termites killed by initial contact with soil treated with 
toxicant could prevent other foragers to tunnel further because termite killed with any 
toxicant could create a barrier of chemically dead termites  which could lead to the 
avoidance of that area by other unexposed termites. Su, (2005a) also explained this 
phenomenon in subterranean termites and reported that dead and decomposed corpses 
could act as the repellent to alive fellow termites, this behavior in termites is known as 
necrophobic behavior. 
The 0% tunneling and 100% mortality in sand treated with concentrations 1000 
ppm and greater might be due to the fact that at higher concentrations, known slow 
acting toxicants sometimes could also act as fast acting toxicant. The slight contact of 
workers with the sand treated with high doses resulted in rapid mortality, which 
prevented any possible tunneling. Su et al., (1982) also explained that sometimes non 
repellent and slow acting toxicants at some higher concentrations behave like fast 
acting toxicants and cause high mortalities due to high toxicity. Low or no penetration 
in our experiment was due to high toxicity of hexaflumuron at higher concentration and 
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continuous contact of workers with treated soil.  Remmen and Su, (2005a) also reported 
that non-repellent insecticides at higher doses caused higher mortalities and prevented 
the complete penetration of subterranean termites C. formosanus Shiraki and R. flavipes 
(Kollar). Similarly Yeoh and Lee, (2007) reported various non-repellent termiticides 
against C. gestroi (Wasmann) in the laboratory, they all prevented complete penetration 
of termites in soil treated with higher concentrations due to high mortalities. Although 
hexaflumuron is basically an IGR (chitin synthesis inhibitor) but our study results 
showed that when it came in continuous contact with workers of H. indicola it acted 
like fast acting toxicant at higher concentrations. There was possibility that unknown 
inert material in commercial formulation (Kolfen) might have also contributed in the 
higher mortality rates. In addition to that it’s also been reported that IGR also kills the 
termites by other means other than only interrupting their growth (molting inhibition). 
Like Lewis and Forschler, (2010) reported that IGRs or CSIs affected protist 
communities present in subterranean termite’s gut, within three days of exposure to 
CSIs like hexaflumuron there was at least 30% decrease in protist population which had 
health and vigour impacts on worker termites which ultimately resulted in higher 
mortalities of tested subterranean termites species. Su and Scheffrahn, (1990b) also 
reported that CSIs other than chitin inhibition also killed hind gut protozoans of 
subterranean termites which elicited starvation induced mortality. As termite makes 
tunnel by picking sand particles with their mouthparts; in the process they might ingest 
some hexaflumuron which ultimately affect symbiosis in their guts and results in higher 
mortalities (Quarcoo et al., 2012).  
5.5.5. Trail-following behavior of H. indicola after exposure to different doses of 
hexaflumuron 
Trail following behaviour is an important characteristic of subterranean termites including H. indicola, which could play an important role in dissemination of termite bait having any non-repellent termiticide or insect growth regulator. In the present study we investigated the effect of different concentrations of hexaflumuron on the trail following behavior of H. indicola’s workers exposed to treated blotting paper for 24 hours.  
 138 
 Although various scientists had used different ways to study the trail following 
behaviour in subterranean termites, the most common method reported is to draw a trail 
with some synthetic semiochemical or trail pheromone on paper and observe whether 
termite follow the trail or not (Su, 2005b). One of such chemical is 2-phenoxyethanol 
which mimics the natural trail following pheromone released by termite workers and 
often used in inks of some ball point pens, subterranean termites are reported to follow 
the line drawn (Cornelius, 2005a, Quarcoo et al., 2012). We also drawn 12 cm long 
trail by this ink and investigated H. indicola’s trail following behavior. 
Results showed that hexaflumuron did not affect the majority of termite workers 
ability to complete the trail of 12 cm trail.   The difference was insignificant between 
percentages of the trail following untreated and treated workers. At 0 – 500 ppm, only 
20% termite workers left the trail whereas at 1000 – 10,000 ppm there was slight 
increase and 30% workers left or reversed on trail before completing the 12 cm of 
distance. Although time taken to complete the 12 cm trail and speed with which termite 
workers travelled on the trail were insignificantly different from each other. However, 
there was a slight decrease in speed and slight increase in time taken by termites based 
on observed increase in concentrations.  
Hexaflumuron had been successfully tested in termite baits which were applied 
both in the ground as well as above ground foraging stations for the control of various 
subterranean termite species (Su and Scheffrahn, 1993, Su, 1994, Su and Scheffrahn, 
1996, Su et al., 1997, Su et al., 1998, Sajap et al., 2000, Sheets et al., 2000, Perrott, 
2003, Haagsma and Rust, 2005). Our results revealed that hexaflumuron did not affect 
the natural trail following ability of H. indicola to a significant level. Therefore any bait 
having hexaflumuron as active ingredient has great potential to be disseminated 
successfully among the colony member because once bait is located by few foragers; 
they can recruit more foragers through trail following behaviour. Ibrahim et al., (2003), 
Hu et al., (2005) and Su, (2005a) also reported the distance effect of IGRs on 
subterranean termites and reported all the foragers fed on bait were killed at distance of 
50 meters and distances travelled by termites were not affected by IGR. The results 
were in accordance with our findings that hexaflumuron (IGR) did not affect the 
movement and trail following of exposed termites because treated termite workers 
successfully travelled on laid trail.  
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We concluded on the basis of our findings that as hexaflumuron did not have 
any impact on trail following or speed of termites. Therefore once bait having 
hexaflumuron is located in the field recruiting back to royal chamber could allow more 
workers to reach the bait source and thus could successfully be disseminated (Carr, 
2011). 
5.6 CHARACTERIZATION OF LUFENURON 
 Lufenuron is a chitnin synthesis inhibitor, which is a benzoylphenylurea and 
known to interfere with sclerotization of cuticle. It’s reported to be used as active 
ingredient in termite baits which disrupts alimentary tract homeostasis (Lewis and 
Forschler, 2010). 
5.6.1. Dose-response relationship of lufenuron and termite workers of H. indicola 
Termite workers of H. indicola were exposed for 24 hours to blotting paper 
treated with concentrations ranging from 100 – 10,000 ppm of lufenuron. Results 
showed that mortality remained less than 50% at all the concentrations up to three 
weeks. Although after three weeks mortality rates were higher but even then mortality 
remained less than 60% at the concentrations up to 5000 ppm and maximum mortality 
recorded was about 80% at 10,000 ppm after 26 days. ELT50 narrowly ranged between 
24.6 to 36.3 days at the concentrations ranging from 100 ppm to 10,000 ppm, which 
showed that 50% population was killed in more than three weeks, time at all the doses. 
ELT90 value showed much prolonged lethal time i.e. 128 days for 100 ppm whereas at 
concentration range of 250 ppm to 10,000 ppm it ranged from 45.2 – 64.9 days. The 
delayed mortalities at all the tested concentrations were expected because lufenuron is a 
chitin synthesis inhibitor and causes mortality only during molting. These delayed 
mortalities caused by insect growth regulators are due to the disruption in growth, 
chitin synthesis inhibitors like lufenuron requires molting stage in insects for 
expressing its mortality, unlike other conventional termiticides that attack on nervous or 
metabolic systems (Sheets et al., 2000). Although the increase in concentration resulted 
in slight insignificant increase in termite’s mortality but over all mortality narrowly 
ranged between 34.6% – 75% at concentrations from 100 – 10,000 ppm after 26 days. 
Projected ELT90 for the highest concentrations was about 7 weeks.  Su and Scheffrahn, 
(1996) confirmed with our results and also reported delayed mortality of lufenuron 
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against subterranean termites. Their results showed that lufenuron caused only 50 – 
80% mortality after nine weeks of exposure and also reported it less toxic in 
comparison to hexaflumuron. Whereas in contrast with our results, Vahabzadeh et al., 
(2007) reported that lufenuron was comparatively more effective among hexaflumuron, 
triflumuron and diflubenzuron when they applied them against subterranean termite 
specie R. flavipes. They observed lufenuron was highly toxic and caused higher 
mortalities at all the tested concentrations. Similarly Lewis and Forschler, (2010) 
evaluated commercially available baits having active ingredients as hexaflumuron, 
diflubenzuron, noviflumuron, novaluron and lufenuron and they also reported 
lufenuron as highly toxic and suitable for controlling eastern subterranean termite, R. 
flavipes. Our results of dose response study revealed that lufenuron exhibited delayed 
and low toxicity against workers of H. indicola and even at doses exceeding than 250 
ppm. Mortalities were not instant but gradually increased over the time of four weeks. 
First 2-3 weeks, mortality remained low which might be due the fact that termite 
workers used in the experiment were of same age. Later on increases in mortality could 
be due to the majority of termite workers entered in to molting stage and got arrested by 
lufenuron.      
5.6.2. Deterrence of lufenuron to workers of H. indicola  
Blotting paper treated with various concentrations of lufenuron was offered to 
workers of H. indicola in the presence of untreated blotting paper to investigate its 
deterrence. Results showed that blotting paper treated with concentrations less than 
5000 ppm of lufenuron remained non-deterrent in 1st week and same trend continued 
until the end of 2nd week. Termites did not distinguish between treated and untreated 
blotting paper and consumed them almost equally at these concentrations. Whereas 
higher concentration of 5000 and 10,000 ppm proved to deterrent at both end of 1st and 
2nd weeks, termite workers avoided the blotting paper treated with them and consumed 
them significantly less as compared to the untreated blotting paper. It was observed that 
presence of alternative food source could reduce the consumption of lufenuron. Perrott, 
(2003) compared the consumption and mortality in subterranean termites in choice and 
no choice tests and he also confirmed that mean mortality was significantly higher in 
termites which were fed on food containing only IGR but consumption reduced 
significantly in the presence of untreated diet. 
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  It was also observe that overall combined consumption of treated plus 
untreated blotting paper was also decreased with the increase of concentrations with 
which blotting paper was treated. Mortality remained significantly low i.e. < 8% at the 
end of 1st week in the termite workers which were fed on blotting paper treated with 
100 – 5000 ppm of lufenuron. Only 10,000 ppm of lufenuron exhibited 25.5% 
mortality, which was significantly higher than others. This trend continued up until the 
end of second week and mortalities remained significantly low i.e. < 31% up to the 
concentration of 5000 ppm. Highest concnetration of 10,000 ppm elicited significant 
high mortality i.e. 98%, though consumption of treated blotting paper remained almost 
same as was at the end of 1st week which indicated the delayed start of mortality with 
even little consumption of deterrent dose. 
Deterrence studies results indicated that although there was a significant 
reduction in consumption rate of treated substrate however, termites did not completely 
avoid the treated medium shown by up to 9 mg of the substrate was consumed by the 
termites. Thus in the presence of a competing resource the bait containing this toxicant 
may not be a preferred concentration (10,000 ppm). Su and Scheffrahn, (1996) also 
reported feeding deterrence of lufenuron at 1,000- 2,000 ppm and 50-100 ppm for C. 
formosanus and R. flavipes, respectively.  
Our studies further indicated that lufenuron could not be used effectively for 
bait development against H. indicola because at non-deterrent doses, it did not killed 
the termite workers in desired numbers. Whereas at the effective dose of 10,000 ppm, it 
caused significant 98% mortality but became deterrent and consumption decreased 
significantly compared to the untreated food. In contrast with out results, in earlier 
studies lufenuron has been reported as successful in controlling various species of 
subterranean termites. For example Vahabzadeh et al., (2007) studied mortality and 
feeding in R. flavipes (eastern subterranean termite) when exposed to paper treated with 
different concentrations of benzoylphenyl ureas (IGRs/CSIs) including lufenuron, 
hexaflumuron, triflumuron and diflubenzuron. They found lufenuron highly efficient 
because it caused higher mortalities in workers of R. flavipes. Lewis and Forschler, 
(2010) also reported lufenuron as more toxic than other chitin synthesis inhibitors 
including hexaflumuron, noviflumuron, diflubenzuron and novaluron against R. 
flavipes workers and discussed its potential for termite management. Similarly Bowen 
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and Kard, (2012) reported successful elimination of aerial colony of R. flavipes in the 
building with a termite bait system having lufenuron as active ingredient.  
Although 10,000 ppm of lufenuron was found to be deterrent in our study, 
consumption of about 9 mg of treated blotting paper caused 98% mortality after two 
weeks. These results of our study suggested that if termite workers are forced to feed on 
bait and then released among untreated natural population then it could prove to be 
effective strategy. In accordance with our results, Haverty et al., (2010) evaluated 
lufenuron containing termite bait against R. hespercus and reported that baited colonies 
stopped visiting foraging stations within 70 days after consumption of just 8 grams of 
bait. Haagsma and Rust, (2005) confirmed in their study the higher rates of mortality 
when subterranean termites were fed on filter paper treated with an IGR without 
offering any alternative diet source, presence of alternative source of feeing reduced the 
consumption of treated filter paper and also affected transfer rate of toxicant from fed 
workers to un-fed termite workers. Su, (1994) designed such a bait feeding system 
where he collected the termites from the field by installing wooden stakes and those 
collected termites were forced to pass through tubes having bait incorporated with 
hexaflumuron (CSI) and were allowed to mix with other  un-fed nestmates. This 
method successfully reduced termite colony population up to 100%. The addition of 
any other attractant in bait matrix could also increase the palatability or acceptability 
and decrease the deterrence at effective doses. Like Broadbent et al., (2006) compared 
CO2- generating bait which was supposed to be more attractive for termite than bait 
without CO2 generation. They discovered various species of termites were more 
attracted towards CO2- generating baits. Similar kind of methods involving force 
feeding of lufenuron to H. indicola workers could prove successful but for this further 
studies are needed in the field conditions.  
5.6.3. Transfers rate of lufenuron within conspecific individuals of H. indicola 
Transfer rate of lufenuron was investigated from donors (exposed to blotting 
paper treated with various concentrations) to recipients (un-exposed and dyed with 
biological dye Nile Blue A). Results revealed that donors and recipient’s mortality 
remained < 4% at concentration range of 0 – 500 ppm of lufenuron, indicating 
insufficient transfer of lufenuron to cause any significant mortality. The low doses did 
not inflict sufficient mortality in donors, so there was no transferred occurred to 
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recipients. At 1000 ppm donors mortality got significantly higher and reached up to 
29% but it did not translated in to significant recipient’s mortality which remained at 
10%. At 5000 and 10,000 ppm donor’s mortality increased up to 53% and 69 % and 
recipient’s mortality also increased significantly and recorded as 30% and 45% 
respectively. The increase in recipient’s mortality was indicator of the fact that 
lufenuron started to transfer from donors to recipients at these concentrations. We took 
mortality data after 10 days, extended experiment to longer period might have resulted 
in greater donors and recipients mortalities, as lufenuron is a chitin synthesis inhibitor 
and requires molting stage to elicit mortalities (Sheets et al., 2000). Furthermore 
recipient mortalities were based on the concentrations to which donors were exposed, 
indicating that transfer and mortality both were concentrations based. Hoi, (2007), 
Neoh et al., (2012) and Saran et al., (2014) reported the same in earlier studies 
involving different toxicants that amount of toxicant taken by donor termites and then 
transferred to recipients termites was concentration based. 
Increased donors and recipient’s mortality at higher concentrations indicated the 
successful transfer of lufenuron. This horizontal transfer is an important factor in 
success of any IGR or non-repellent toxicant to be used in termite bait. The donors 
carry the IGR back to recipients and distribute it to the colony though food exchange 
and social grooming. Immature termites such as nymphs would be killed first during 
molting and colony thus then left with only older workers and soldiers. Colonies cannot 
sustain this situation of no nymphs for long because older termite workers loose their 
mobility and becomes more sluggish and ultimately die without any molting (Lenz et 
al., 1996).  
Lufenuron reported successfully used in baits against many subterranean 
species which means that it was successfully up taken and transferred by termite 
workers. Haverty et al., (2010) evaluated termite bait having 1500 ppm of lufenuron 
against numerous colonies of R. hespercus. He reported that all the baited colonies 
ceased feeding on monitoring stations after a specific period of time.  Bowen and Kard, 
(2012) also experimented with a bait system having lufenuron as active ingredient 
against R. flavipes. Bait was continuously supplied at active foraging points, as needed 
which resulted in complete elimination of colony indicating the successful transfer of 
lufenuron among the colony members. Lewis and Forschler, (2010) andVahabzadeh et 
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al., (2007) also reported the successful transfer of lufenuron among the colonies of 
subterranean termites and reduced or eliminated the termite colonies.  
Missing dead donors who were suppose to be eaten by their fellow recipients 
varied significantly from lower to higher concentrations. The lowest numbers of 
missing donors were counted at 5000 and 10000 ppm. The donors killed at these 
concentrations probably became deterrent and recipients might have avoided feeding on 
them. But the ones which were consumed by fellow recipients might have contributed 
in dditional mortality recorded at these concentrations. 
5.6.4. Foraging behavior of H. indicola in medium treated with lufenuron 
 Foraging behaviour of workers of H. indicloa was explored in glass tubes 
having 3 cm thick barrier of sand (treated with 100 – 10000 ppm of lufenuron) 
followed by 10 cm column of untreated sand. The possibility of using lufenuron as 
liquid soil termiticide was investigated against H. indicola under laboratory conditions. 
Results of foraging or tunneling revealed that with the increase in concentration of 
lufenuron with which sand barriers were treated, tunneling lengths were decreased and 
mortalities of termite foragers were increased. In comparison with control where 
foragers able to tunnel the whole length of 13 cm, the tunneling lengths recorded at 
100, 250 and 500 ppm were 10.80, 5.80 and 1.33 cm respectively which were 
significantly lesser than control. The foragers were unable to penetrate at all in sand 
barriers treated with 1000 – 10000 ppm of lufenuron.   
 The main reason in variation in tunneling lengths was the mortality caused by 
lufenuron at various concentrations. At higher concentrations where tunneling length 
was zero, all the termites were found dead. Although lufenuron is basically a chitin 
synthesis inhibitor (CSI) but high mortalities suggested that at higher concentrations it 
might acted as fast acting toxicant because sometimes at higher doses, slow acting 
chemicals also behave like fast acting toxicants (Su et al., 1982). The zero tunneling 
and 100% mortality indicated that even slight contact of foragers to treated sand proved 
to be fatal and once they got intoxicated they were not able to tunnel at all. Remmen 
and Su, (2005a) and Yeoh and Lee, (2007) agreed with this and reported that slow 
acting compounds prevented any penetration by subterranean termites due to high 
mortalities of foragers in soil treated with their high concentrations. Although chitin 
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synthesis inhibitors are known to kill the immature stages (nymphs) of termites during 
their molting, they have also been reported to cause stress in adult termites by making 
them loose their natural colour and also by making them sluggish which ultimately 
results in their death (Lenz et al., 1996). Termite foragers usually make tunnels by 
picking and placing sand particles with their mouthparts and in process they could also 
ingest toxicant (Quarcoo et al., 2012). Ingested chitin synthesis inhibitors or insect 
growth regulators are reported to affect the protozoans in the hind gut of subterranean 
termites which elicit mortality in foragers due to starvation (Su and Scheffrahn, 1990b). 
Lewis and Forschler, (2010) exposed R. flavipes to five different commercial 
formulations of chitin synthesis inhibitor i.e. lufenuron, hexaflumuron, noviflumuron, 
novaluron and diflubenzuron and investigated their impact on protist community in 
their hind guts, they reported 30% decrease in just three days. They further reported 
that lufenuron was the most toxic among all the chitin synthesis inhibitors.   
In our study the only concentrations at which termites were able to cross the 
barrier were 100 and 250 ppm. Results further revealed that at 500 ppm mortality 
remained less than 14% but even then it was observed that termites were not able cross 
the sand barriers. The possible explanation of less tunneling instead of less mortality 
could be the early intoxication of foragers, which affected their health and vigor and 
they became slow and sluggish. As reported by Lenz et al., (1996) that chitin synthesis 
inhibitors cause stress, discoloration and sluggishness in adult termites which affect 
their ability to behave normal. The foragers of H. indicola during tunneling came in 
contact with lufenuron treated sand and which might have affected their tunneling 
ability and they stopped tunneling after first few days due to deteriorating health.  
The other possible reason for less tunneling could be the nacrophobic behaviour 
of termites in which alive and naive termite foragers avoid their dead and decomposed 
fellow termite workers (Su, 2005a). The foragers, who were killed at the head of tunnel, 
might have acted as repellent barriers and other foragers avoided contact with them and 
stopped further tunneling and which resulted in lesser tunneling lengths and low 
mortality. Fei and Henderson, (2005) also supported this phenomenon and explained 
that termites killed with any toxicant could create a barrier of chemically dead termites 
which repel the other alive termite foragers and prevent any further penetration.  
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We concluded from our study that lufenuron if needed could also be used as soil 
termiticide for creating chemical barrier to avoid the entry of H. indicola at 
concentrations > 500 ppm but further field studies are needed before reaching any 
concrete conclusion.  
5.6.5. Trail-following behavior of H. indicola after exposure to different doses 
lufenuron 
Communication among biological organism especially termites is an important 
mechanism for nest mate recognition and colony integration (Yusuf et al., 2010). 
Pheromones produced by social insects greatly influence their behaviour and 
development within the colony (Vargo and Hulsey, 2000). Termites also use these 
pheromones for locating their nesting sites and their nest fellows. These social 
behaviours towards these stumuli can be manipulated for our best use (Brent et al., 
2007). Location of feeding sites and recruiting other termite foragers through trail 
following is an important behaviour of subterranean termites. Usually termite bait are 
applied on small portion of complex and extensive nesting network of subterranean 
termites and then this bait is disseminated either by food sharing mechanism 
(trophallaxes) or by direct feeding by large numbers of foragers (Su and Scherer, 2003). 
If the toxicant used in the bait does not impact the trail follwing behaviour of foragers 
then there is big chance that bait will be directly approach by larger number of termite 
workers and will more rapidly be disseminated.  
We also explored the impact of different concentrations of lufenuron on the trail 
following behaviour of workers of H. indicola exposed when exposed to treated 
blotting paper. Termite workers treated with different concentrations were made to 
walk individually on 12 cm straight line drawn by ball point having ink which 
contained chemicals which mimicked the trail following pheromone in subterranean 
termites. Su, (2005b) described this method of drawing semiochemical or trail on paper 
is the simplest one to investigate the trail following behaviour. Results showed that 
lufenuron did not significantly affected percentage of termite workers who completed 
the trail. Only 20% termite workers treated with concentrations less than 1000 ppm left 
or reversed on trail before completion. A slight insignificant increase (30 – 40%) was 
recorded in termite workers, which were exposed to 5000 and 10,000 ppm treated 
blotting paper. Time taken to complete the 12 cm trail and speed with which treated 
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termite workers travelled on trail was also insignificantly different from each other. 
There was slight decrease in speed of termites with the increase in concentrations of 
lufenuron.  
As lufenuron is chitin synthesis inhibitor and mostly affects the termite during 
its molting stage Lenz et al., (1996);  therefore after 24 hours exposure, most of the 
termite workers did not get affected and high percentage was able to complete the trail. 
It’s also reported in earlier studies that chitin synthesis inhibitors like lufenuron when 
used in bait against subterranean termites usually take weeks to months to show its 
effect. Rojas and Morales-Ramos, (2003) reported 8 – 9  months, Haverty et al., (2010)  
10 to 16 months,  Sukartana et al., (2009)  6 – 8 weeks, King et al., (2005) 2 weeks and 
Vahabzadeh et al., (2007) reported  6 weeks for lufenuron to show its effects.  
Ibrahim et al., (2003) and Hu et al., (2005) explained that delayed affect caused 
by any termiticide is an added advantage because termite workers will have more time 
to disseminate the toxicant though out the colony. We also found that lufenuron did not 
affect the trail following ability of H. indicola workers and also did not affect its 
walking ability becaue there was no significant difference between the different 
treatments.  
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VI. SUMMARY 
The subterranean termite Heterotermes indicola (Wasmann) is one of the most 
destructive and tenacious pest species in Pakistan since it remains active year round. It 
has been known to damage the residential wooden structures as well as the agricultural 
crops and fruit orchards. It’s hard to control with conventional termiticides due to its 
complex cryptic foraging behavior and biology and if left untreated, infestation can 
become severe. In recent years non-repellent termiticides have gained popularity as 
alternatives to conventional termiticides. Unlike the conventional fast acting repellent 
soil termiticides, these termiticides do not repel foraging termites but inhibit their 
invasion though lethal contact and delayed action. Research work on evaluation of non-
repellent insecticides especially against H. indicola is underdone in Pakistan. The 
present research work therefore, aimed to evaluate some non-repellent termiticides and 
insect growth regulators (fipronil, indoxacarb, chlorfenapyr, imidacloprid, 
hexaflumuron, lufenuron) which can be used as soil termiticides or as active agent in 
slow acting toxicant baits. Important aspects of the study included dose-response 
relationship of these termiticides and H. indicola, their deterrence at different 
concentrations, horizontal transfer within conspecific individuals and their impact on 
foraging and trail following behavior.       
The dose-response relationship of fipronil found to be highly dose dependant. A   
high rate of kill was observed in termites exposed to 10-50 ppm of fipronil where 100% 
mortality resulted within 3-4 days. Such concentrations are not desirable to be used in 
slow-acting toxicant bait because such a fast mortality rate would not allow transfer of 
active ingredient to the rest of colony. Dose of 1 ppm however showed relatively slow 
toxicity and 100% mortality achieved in 12 days and dose of 5 ppm also showed an 
intermediate response where an initial fast rate of kill was slowed down later, 
culminating in total mortality at day 8. Fipronil was not deterrent to feeding by H. 
indicola at a concentration range of 1–20 ppm. At concentrations higher than 20 ppm, 
termites did not completely avoid feeding despite the deterrence effect of fipronil at 
these doses, thus leading to a higher mortality rate. Mortality data recorded after 2 
weeks showed almost complete mortality in all the concentrations, except at 1 ppm, in 
which 25% mortality was observed. Similarly in transfer studies all the concentrations 
> 1 ppm was able to inflict more than 50% recipient mortality. Over all results showed 
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that fipronil was not a typical slow-acting toxicant because at effective concentrations 
of >1 ppm, the potential of its transfer via trophallaxis was limited due to rapid 
mortality. But since the living termite workers did not avoid contact with the dead 
intoxicated workers fipronil so another opportunity for fipronil transfer was created via 
cannibalism. Foraging or tunneling distances were decreased significantly with the 
increase in concentration of fipronil in which sand was treated. The sand or soil soaked 
with > 1 ppm of fipronil could create effective barrier against termite workers of H. 
indicola. Moreover spot application of liquid fipronil in soil at numerous points could 
be used as liquid bait for successful dissemination of toxicant among the colony. Trail 
following studies showed that 0.05 - 0.5 ppm of fipronil did not affect the trail 
following ability of workers and 70 - 90% successfully completed the laid trail whereas 
1 ppm seriously affected them and only 30 % completed the trail and rest of the 70% 
reversed back or left the trail. Moreover, increase in dose resulted in reduction of 
walking speed and increase in time taken by termites to complete the trail. 
Dose response study of indoxacarb showed that concentrations > 20 ppm were 
too fast in killing exposed termites while the lower concentrations of 1 and 5 ppm were 
too slow. Whereas 10 - 20 ppm gave the desired results and ELT90 was calculated as 
25.3 and 27.4 days for 10 and 20 ppm of indoxacarb respectively. This implies that 
indoxacarb has potential to be used as slow acting toxicant against H. indicola at these 
doses. Feeding deterrence results showed that indoxacarb did not deter H. indicola at 
any of the tested concentrations and termites did not distinguish between treated and 
untreated substrate. At effective concentrations of 70 - 100 ppm, though consumption 
of treated blotting paper decreased but even little consumption proved to be effective 
and caused higher mortality. Another conclusion drawn was the delayed mortality of 
indoxacarb; even at 100 ppm mortality recorded was 50% and 100% after 1st and 2nd 
week respectively. This characteristic of slow acting could prove to be an important 
characteristic for possible transfer of indoxacarb from treated termites to other 
untreated ones. In transfer studies experiement, donors were exposed to 10 - 100 ppm 
of indoxacarb and released together with recipients for 10 days. More than 50% of the 
donor’s mortality was recorded at > 5 ppm of indoxacarb but recipient’s mortality 
remained less than 50%. This was the indication that at 1- 50 ppm, the amount of 
toxicant transferred by donors was not sufficient to cause high recipient mortality. 
Whereas high mortality of 93% and 99% was recorded in recipients who were released 
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together with the donors exposed to 70 and 100 ppm of indoxacarb respectively 
indicating significant transfer of indoxacarb. Results of foraging behaviour studies 
showed that termites tunneled through the sand treated with concentrations of 0.5 ppm 
and 1 ppm of indoxacarb and also entered in untreated zone but mortality remained < 
30%.  At > 5 ppm termites did not cross the treated zone and only tunneled less than 
10% of total length due to high mortality. Less than 50% mortality and minimal 
tunneling activity at 5 ppm after 7 days also suggested that indoxacarb acted as slow 
acting toxicant at this particular concentration. At 50 ppm termites only tunneled 0.1 
cm and mortality recorded was 100% suggesting that indoxacarb could act as chemical 
barrier against workers of H. indicola. Trail following study revealed termite workers 
treated with 50 ppm of indoxacarb failed to follow the trail at all.  Although gradual 
insignificant decrease in speed was recorded from 1 ppm (0.56 cm/sec) to 20 ppm (to 
0.43 cm/sec) but these concentrations did not affect the trail following ability and 70 - 
80% termites successfully completed the trail. 
Dose-response study on chlorfenapyr revealed that its toxicity was highly dose 
dependent. Higher concentrations of 10 to 500 ppm resulted in 100% mortality of 
exposed workers within 2-3 days. Therefore relatively lower concentration range of 1 – 
7 pmm was evaluated and results showed that all doses caused rapid contact mortality 
except 1 ppm where 100% mortality was achieved in 10 days and ELT50 and ELT90 
recorded were 2.7 and 8.6 days respectively. High contact toxicity and non-repellency 
against H. indicola workers along its low water solubility and leaching in soil made it a 
good candidate for soil barrier treatment. It could also be used as slow acting toxicant 
liquid bait at <1 ppm because of relatively delayed mortality. Deterrent studies showed 
that it was non-deterrent to H. indicola at all the tested concentrations (1 – 100 ppm) 
after 2 weeks except at 100 ppm where there was significant less consumption (13.57 
mg) on treated blotting paper as compared to consumption (21.26 mg) of untreated one. 
Moreover feeding deterrence study showed that at concentrations 1 – 50 ppm of 
chlorfenapyr mortality remained less than 25%, even at 100 ppm mortality did not 
exceed than 60% and it also became deterrent. Results of feeding deterrence suggested 
that chlorfenapyr was not appropriate for feeding termite bait against H. indicola. In 
transfer study 3 - 10 ppm of chlorfenapyr caused rapid 100% donor’s mortality due to 
the fact that they failed to transfer the sufficient amount of toxicant to recipients and 
ultimately low recipient’s mortality (5 - 11%) was recorded. Whereas at 1 ppm donors 
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mortality gradually reached up to 98% and they got extra time to transfer chlorfenapyr, 
therefore recipient’s mortality also significantly increased to 86%. Missing dead donors 
were insignificantly different at various concentrations and seem to have no affect on 
recipient’s mortality, therefore cannibalism was not significant factor for the transfer of 
chlorfenapyr rather most of the transfer occurred through social grooming. Foraging 
study on chlorfenapyr showed that in 0.1 – 3 ppm treated sand, termites crossed the 
treated zone of 3 cm and also tunneled in the untreated zone up to different lengths. But 
in 5 – 7 ppm treated sand termites did not tunnel beyond the treated zone. More than 
70% mortality was recorded in the sand treated with 1 – 7 ppm. At 1 ppm the mortality 
recorded was maximum (91.6%) which could be due to double effect of direct contact 
with treated sand and indirect contact i.e. social grooming. Foraging study revealed that 
chlorfenapyr could be a good candidate for soil application against H. indicola because 
it allowed free foraging without repelling foragers and also caused effective mortality. 
Trail following results revealed that chlorfenapyr did not affect 60 – 80 % of termites 
exposed to < 3 ppm and they completed the trail. The termite workers exposed to > 5 
ppm of chlorfenapyr were affected greatly and only 20% termites completed the trail 
and took significantly more time and speed was also greatly reduced (0.27cm/sec) as 
compared to untreated termites (0.78 cm/sec).  
 In dose-response study of imidacloprid, lower concentrations ranging from 1 – 
70 ppm caused low mortalities i.e. 32.8% – 59.9% even after 20 days and ELT90 ranged 
between 32.4 – 44.5 days. On the other hand, higher concentrations of 100 – 500 ppm 
were tested and results showed that all the doses > 300 ppm caused >80% mortality 
within 12 days and ELT90 calculated ranged between 8 – 16 days for 100 – 500 ppm. 
The low ELT90 value at higher range of concentrations showed higher toxicity of 
imidacloprid against H. indicola at these doses. Overall toxicity was dose dependent 
and found effective at concentrations > 300 ppm against workers of H. indicola when 
deterrence studies of imidacloprid showed that consumption of blotting paper treated 
with concentrations > 200 ppm was significantly less than untreated blotting paper 
indicating deterrent effect on termite workers of H. indicola. Mortality was > 90% in 
the termites which fed on > 200 ppm treated blotting paper whereas at 100 ppm the 
mortality recorded was < 50%. The consumption of blotting paper treated with various 
concentrations remained almost same, indicating that difference in mortality was due to 
the contact toxicity and not feeding toxicity. In transfer study of imidacloprid, > 70% 
 152 
mortality was recorded in donors exposed to blotting paper 100 - 500 ppm. Whereas 
>70% recipient’s mortality indicated the successful transfer of imidacloprid at all the 
concentrations except 100 ppm where recipient’s mortality was as low as 29%. It was 
concluded that imidacloprid have potential to transfer from exposed to unexposed 
termite workers of H. indicola at concentrations > 200 ppm when applied as liquid bait 
rather than mixing in any feeding bait matrix. Results of foraging behavior in the sand 
treated with concentrations of 20 to 300 ppm of imidacloprid showed that termites were 
able to tunnel very little i.e. 0.1 – 1.4 cm and mortality recorded was > 70%.  Results 
showed that that termite did not able to cross the barrier of 3 cm of treated sand at any 
concentration which might be due to rapid knock down of termites which came in 
contact with treated sand. So imidacloprid could be used as soil barrier against H. 
indicola due to its high toxicity and ability to prevent the penetration of termite 
workers. In the trail following study involving imidacloprid, only 20% – 40% termite 
workers were able to complete the trails, which were exposed to lower concentrations 
of 10 - 20 ppm. Whereas termites treated with 50 – 100 ppm completely failed to 
follow the trail. Termites that were able to complete the trail took significantly more 
time. Similarly speed was also significantly reduced compared to untreated termites. 
The dose-response study of hexaflumuron showed that concentrations of 100 – 
5000 ppm caused <50% mortality whereas only 10,000 ppm was the concentration 
which caused >70% mortality after 25 days. The ELT50 and ELT90 calculated at 10,000 
ppm were 25 and 74 days respectively whereas at all the other concentrations 
mortalities were greater than 25 days. In deterrence study, hexaflumuoron found to be 
non-deterrent to H. indicola due to the insignificant difference between the 
consumption of untreated and blotting paper treated with 100 to 1000 ppm but 
concentrations > 1000 ppm were deterrent. The mortality recorded remained 
significantly low except at 10,000 ppm where 80% termites were killed after two 
weeks. As a general rule when the dose causing a significant mortality is greater than 
the minimum deterrence threshold, the toxicant is not considered as good candidate for 
slow-acting toxicant bait. Although in our experiment concentration of 10,000 ppm was 
effective but found deterrent. If we can force termites to feed on matrices having 
hexflumuron at this rate, desired mortality can be achieved and bait can prove effective. 
Transfer study of hexaflumuron showed mortalities of both donors and recipients 
remained < 7% up to concentration of 250 ppm.  At 500 and 1000 ppm donor’s 
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mortality significantly increased to 29% and 56% respectively but recipient’s mortality 
remained below 7% showing low transfer of hexaflumuron at these concentrations. At 
5000 and 10,000 ppm donor’s mortality reached up to 62% and 77% respectively and 
recipient’s mortality also increased significantly up to 34% and 59% respectively 
indicating effective transfer of hexaflumuron. Foraging study of hexaflumuron showed 
that tunneling distances were 9.2 cm and 4.0 cm in sand treated with 100 ppm and 250 
ppm respectively whereas mortality remained < 25% and termites were able to cross 
the chemical soil barrier of 3 cm and foraged freely in untreated sand. In the sand 
treated with >500 ppm, tunneling was negligible and mortality recorded was >80%. 
Other than interruption in molting hexaflumuron might also had killed termites by 
affecting gut fauna and inert material present in commercial formulation also 
contributed in extra mortality and preventing tunneling. Trail following ability of H. 
indicola was not significantly affected at all the tested concentrations of hexaflumuron, 
only 20 – 30% termite workers did not follow the trail. Similarly time taken to 
complete the trail and speed with which termite workers travelled was insignificantly 
different from untreated termites. 
In dose-response study of lufenuron, results showed mortality remained < 60% 
and < 80% at < 5000 and 10,000 ppm respectively after 26 days. ELT50 ranged between 
24.6 to 36.3 days at 100 ppm to 10,000 ppm, whereas ELT90 was extended to 128 days 
for 100 ppm but it ranged from 45.2 to 64.9 days at 250 ppm to 10,000 ppm. In general 
lufenuron exhibited a narrow range of toxicity against workers of H. indicola at doses > 
250 ppm. Deterrence study on lufenuron showed that blotting paper treated with < 5000 
ppm of lufenuron remained non-deterrent. Whereas 5000 and 10,000 ppm was deterrent 
and termites avoided feeding on the treated blotting paper. Mortality remained 
significantly low i.e. < 31% up to 5000 ppm, only the highest dose of 10,000 ppm 
elicited significantly higher mortality of 98% after 2 weeks, although consumption of 
treated blotting paper was comparatively low at this dose. Methods involving forced 
feeding of lufenuron to H. indicola workers could prove successful. Transfer rate study 
on lufenuron revealed that recipient’s mortalities remained < 4% up to 500 ppm of 
lufenuron, showing ineffective transfer of lufenuron to cause any significant mortality. 
Similarly at 1000 ppm donor’s mortality was 29% and it did not translated in to 
significant recipient mortality, which remained at 10%. At 5000 and 10,000 ppm 
donor’s mortality increased up to 53% and 69 % respectively and recipient’s mortality 
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also increased significantly to 30% and 45%. The increased recipient’s mortality was 
indicator of successful transfer of lufenuron from donors to recipients. The foraging 
study showed that the foragers were unable to penetrate in sand treated with >1000 ppm 
of lufenuron. However, in sand treated with 100, 250 and 500 ppm cm, the tunneling 
distances were 10.80, 5.80 and 1.33 cm respectively. Termites were only able to cross 
the sand barriers treated with 100 and 250 ppm but mortality remained <14%.  The low 
tunneling instead of less mortality could be due to the early intoxication of foragers, 
which affected their health, and they became slower and sluggish. At higher 
concentrations all the termites were quickly killed therefore no tunneling was recorded. 
Trail following study showed that lufenuron did not significantly affected termites and 
only 20% termites treated with < 1000 ppm left or reversed on laid trail whereas 30% – 
40% termites treated with 5000 - 10,000 ppm showed impaired response. Time taken to 
complete the trail and speed with which treated termites travelled on trail was 
insignificantly different from each other. 
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VII. CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
1. Fipronil toxicity was highly dose dependent. It elicited high and fast mortality 
rates in termites exposed to concentrations > 10 ppm and acted like fast acting 
termiticide. However at 1 and 5 ppm fipronil acted relatively slower and caused 
delayed mortalities. 
2. Fipronil was not deterrent to feeding by H. indicola at a concentration range of 
1–20 ppm. Despite the deterrence effect of fipronil, termites did not completely 
avoid feeding on medium treated with concentrations > 20 ppm, thus leading to 
a higher mortality rate. 
3. All the concentrations > 1 ppm of fipronil were able to inflict more than 50% 
recipient’s mortality. It was not found to be typical slow-acting toxicant because 
at effective concentrations of >1 ppm the potential of its transfer via trophallaxis 
was limited due to rapid donor’s mortality. But since the recipients did not 
avoid contact with the dead intoxicated donors, rather consumed them so 
another opportunity for fipronil transfer was created via contact and 
cannibalism. 
4. Increased concentration and continuous contact with fipronil treated sand 
reduced the tunneling ability of foragers and caused rapid mortality. Therefore 
medium soaked with > 1ppm of fipronil could create effective barrier against 
termite workers of H. indicola.  
5. Fipronil at > 1 ppm, seriously hampered the trail following ability of termites 
whereas 0.05 - 0.5 ppm of fipronil did not significantly affect the trail following 
ability of termites.  
6. Contact toxicity of indoxacarb was also dose dependent. Indoxacarb at 10 - 20 
ppm showed slow acting toxicant characteristics and caused 80% mortality in 3 
weeks. Mortality recorded was too fast at > 20 ppm and was too slow at < 5 
ppm.   
7. Indoxacarb was found to be non-deterrent to feeding at all tested concentrations 
and doses of 70 – 100 ppm were also able to cause high but delayed mortality. 
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8.  Indoxacarb was successfully transferred from donors to recipients at 70 and 
100 ppm of indoxacarb and recipient’s mortality recorded was 93% and 99% 
respectively. 
9. Tunneling in indoxacarb’s treated sand was also dose dependent. Sand treated 
with 50 ppm of indoxacarb acted as effective chemical barrier and denied any 
termite penetration and caused 100% mortality. 
10. Similarly termites exposed to 50 ppm of indoxacarb completely lost the trail 
following ability whereas at < 20 ppm, it did not significantly affect the trail 
following and walking ability.  
11. Chlorfenapyr elicited high contact toxicity at all the concentrations except at 1 
ppm where 100% mortality was achieved in 10 days and showed relatively 
delayed mortality.   
12.  Chlorfenapyr at dose of >100 ppm was deterrent to feeding whereas at lower 
doses although it was non-deterrent but it did not cause the desired feeding 
mortality. Therefore it was not found appropriate for feeding bait against H. 
indicola. 
13.  Chlorfenapyr successfully transferred from donors to recipients by social 
grooming at 1 ppm where recipient’s mortality recorded was 86%.  
14.  Chlorfenapyr allowed the termite foraging in the treated sands and caused high 
mortalities. 
15.  Trail following ability of the termites exposed to < 3 ppm of chlorfenapyr was 
not affected whereas dose of > 5 ppm greatly hampered it.  
16. Imidacloprid’s contact toxicity was dose dependent and found effective at  > 
300 ppm against workers of H. indicola 
17.  Imidacloprid concentrations > 200 ppm showed feeding deterrence to termite 
workers of H. indicola whereas relatively lower and non deterrent doses did not 
cause significant mortality in exposed termites. 
18. More than 70% recipient’s mortality at doses >100 ppm indicated the successful 
transfer of imidacloprid from donors to recipients. 
19. Termites tunneled very little in the sand treated with 200 – 300 ppm of 
imidacloprid and mortality recorded was > 70%. So it could be good candidate 
for soil barrier treatment.  
20. Imidacloprid greatly affected the trail following and walking ability of termites 
at all the tested concentrations. 
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21. Hexaflumuron showed low contact toxicity, ELT50 and ELT90 calculated were 
25 and 74 days respectively for highest tested concentration of 10,000 ppm. 
22. Hexaflumuron was deterrent to feeding at concentrations > 1000 ppm. Although 
10,000 ppm was deterrent dose but still caused 80% feeding mortality. 
23. Hexaflumuron showed potential to be horizontal transferred from donors to 
recipients at > 5000 ppm. 
24. Termites tunneled freely in hexaflumuron’s treated sand at low doses whereas at 
higher doses tunneling was greatly reduced 
25.  Hexaflumuron did not affect the trail following and walking ability of exposed 
termites.  
26. Lufenuron also showed low contact toxicity and mortality recorded was < 80% 
at highest dose of 10,000 ppm even after 26 days. 
27. Lufenuron was deterrent to feeding at effective dose of 10,000 ppm. 
28. Lufenuron was horizontally transferred from donors to recipients but only at 
higher concentrations of 5000 – 10,000 ppm.  
29. Termites only able to cross the treated sand barrier at < 250 ppm of lufenuron 
but they failed to tunnel significantly in sand treated with higer concentrations.  
30.  Lufenuron did not significantly affect the trail following and walking ability of 
workers of H. indicola. 
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Recommendations 
 A multi dimensional and situational approach should be the answer to manage 
the H. indicola infestation. Efficacy of most of the tested non-repellent insecticides was 
dose dependent and they all showed some promise in different situations and strategies. 
On the basis of present study following are the recommendations: 
1. Fipronil due to its high contact toxicity against H. indicola should be used as 
soil termiticide @ >1 ppm for creating chemical barrier to avoid their 
penetration and for their rapid kill. Moreover, spot application of fipronil in 
infected area can be used as liquid termite bait. Fipronil can also be used in 
termite feeding bait due to its non-deterrence and transferability from donors to 
recipients, majorly through contact and cannibalism.   
2. Indoxacarb @ 70 – 100 ppm found to be good candidate for mixing in slow 
acting toxicant baits for H. indicola because at these concentrations it was 
successfully transferred from donors to recipients and caused delayed 
mortalities and was also non deterrent to feeding.  
3. Chlorfenapyr @ 1-3 ppm like fipronil showed high contact toxicity and should 
be used as liquid termite bait because it did not affect termite’s trail following 
and walking ability and also allowed them to forage in treated medium.   
4. Imidacloprid unlike chlorfenapyr greatly reduced the tunneling and trail 
following ability of H. Indicola and therefore should be used as chemical barrier 
in soil because it acted like fast acting toxicant at higher doses. 
5.  Although both the insect growth regulators, hexaflumuron and lufenuron were 
found to be deterrent to feeding at effective dose of 10,000 ppm but possibility 
of mixing them with some more attractant and palatable matrices should be 
explored in future study to increase their intake to make them effective against 
H. indicola. 
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 IX. APPENDICES 
 
 
1. Analysis of variance for dose response of fipronil and H. indicola. 
 
Mortality      
 
Sum of Squares df Mean Square F Sig. 
Between Groups 
190550.587 6 31758.431 48.792 .000 
Within Groups 125622.193 193 650.892   
Total 316172.780 199    
 
 
2. Analysis of variance for deterrence of fipronil after 2 weeks.  
 
  Sum of 
Squares df Mean Square F Sig. 
consumption control 
(mg) 
Between Groups 74.104 5 14.821 .972 .461 
Within Groups 274.494 18 15.250   
Total 348.597 23    
consumption 
treatment (mg) 
Between Groups 31.116 5 6.223 1.037 .426 
Within Groups 108.026 18 6.001   
Total 139.142 23    
 
 
3. Analysis of variance for deterrence test mortality after 2 weeks with 
fipronil.  
 
Alive at 14thday      
 
Sum of Squares df Mean Square F Sig. 
Between Groups 
75803.333 5 15160.667 179.771 .000 
Within Groups 1518.000 18 84.333   
Total 77321.333 23    
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4. Analysis of variance for transfer rate of fipronil. 
 
  Sum of 
Squares df Mean Square F Sig. 
%Dnor mortality Between Groups 5276.121 5 1055.224 8.880 .000 
Within Groups 1901.333 16 118.833   
Total 7177.455 21    
%recepeint mortality Between Groups 4679.030 5 935.806 4.803 .007 
Within Groups 3117.333 16 194.833   
Total 7796.364 21    
%DonorDeadMissin
g 
Between Groups 4181.577 5 836.315 21.486 .000 
Within Groups 622.774 16 38.923   
Total 4804.351 21    
 
 
5. Analysis of variance for foraging behavior and mortality in fipronil treated sand 
 
  Sum of 
Squares df Mean Square F Sig. 
Tunneling 
(cm) 
Between 
Groups 
263.449 5 52.690 248.277 .000 
Within Groups 2.547 12 .212   
Total 265.996 17    
Mortality Between 
Groups 
613.111 5 122.622 32.459 .000 
Within Groups 45.333 12 3.778   
Total 658.444 17    
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6. Analysis of variance for foraging behavior and percent mortality in fipronil 
treated sand 
 
  Sum of 
Squares df Mean Square F Sig. 
Percent 
Tunneling 
Between Groups 15588.725 5 3117.745 248.277 .000 
Within Groups 150.690 12 12.558   
Total 15739.415 17    
Percent Mortality Between Groups 15327.778 5 3065.556 32.459 .000 
Within Groups 1133.333 12 94.444   
Total 16461.111 17    
 
7. Analysis of variance for percent termites following trail  for fipronil 
 
  Sum of 
Squares df Mean Square F Sig. 
Left or reversed before 
4cm 
Between Groups 22000.000 5 4400.000 3.211 .013 
Within Groups 74000.000 54 1370.370   
Total 96000.000 59    
Left or reversed before 
8cm 
Between Groups 2833.333 5 566.667 .712 .617 
Within Groups 43000.000 54 796.296   
Total 45833.333 59    
left or reversed before 
12cm 
Between Groups 833.333 5 166.667 1.000 .427 
Within Groups 9000.000 54 166.667   
Total 9833.333 59    
Total left or reversed  Between Groups 22000.000 5 4400.000 2.285 .059 
Within Groups 104000.000 54 1925.926   
Total 126000.000 59    
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8. Analysis of variance for time taken by termites to complete the trail  for 
fipronil 
 
  Sum of 
Squares df Mean Square F Sig. 
Time taken for 
completing 4cm 
Between Groups 731.383 5 146.277 13.056 .000 
Within Groups 470.545 42 11.203   
Total 1201.928 47    
Time taken for 
completing 8cm 
Between Groups 1986.173 5 397.235 9.733 .000 
Within Groups 1510.109 37 40.814   
Total 3496.282 42    
Time taken for 
completing 12cm 
Between Groups 3591.501 5 718.300 8.940 .000 
Within Groups 2892.623 36 80.351   
Total 6484.124 41    
 
 
9. Analysis of variance for speed of trail following termites for fipronil 
 
  Sum of 
Squares df Mean Square F Sig. 
Speed after 4cm Between Groups 3.317 6 .553 20.302 .000 
Within Groups 1.580 58 .027   
Total 4.897 64    
Speed after 8cm Between Groups 3.860 6 .643 27.144 .000 
Within Groups 1.375 58 .024   
Total 5.235 64    
Speed after 12cm Between Groups 3.504 6 .584 29.869 .000 
Within Groups 1.095 56 .020   
Total 4.599 62    
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10. Analysis of variance for deterrence of indoxacarb after 1 week.  
 
  Sum of 
Squares df Mean Square F Sig. 
Consum 
control 
Between 
Groups 
232.299 6 38.717 38.315 .000 
Within Groups 14.147 14 1.010   
Total 246.446 20    
Consum 
treatment 
Between 
Groups 
228.899 6 38.150 17.028 .000 
Within Groups 31.367 14 2.240   
Total 260.266 20    
 
 
11. Analysis of variance for deterrence of indoxacarb after 2 weeks.  
 
  Sum of 
Squares df Mean Square F Sig. 
Consum 
control 
Between 
Groups 
1340.206 6 223.368 144.508 .000 
Within Groups 21.640 14 1.546   
Total 1361.846 20    
Consum 
treatment 
Between 
Groups 
1442.130 6 240.355 71.393 .000 
Within Groups 47.133 14 3.367   
Total 1489.263 20    
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12. Analysis of variance for Transfer rate of indoxacarb. 
 
  Sum of 
Squares df Mean Square F Sig. 
% Donor mortality Between Groups 33576.000 7 4796.571 139.706 .000 
Within Groups 824.000 24 34.333   
Total 34400.000 31    
% Recipient 
mortality 
Between Groups 41035.500 7 5862.214 160.609 .000 
Within Groups 876.000 24 36.500   
Total 41911.500 31    
% Missing dead 
donor 
Between Groups 11122.358 7 1588.908 10.655 .000 
Within Groups 3578.952 24 149.123   
Total 14701.310 31    
 
 
 
13. Analysis of variance for foraging behavior and mortality in indoxacarb treated 
sand 
 
  Sum of 
Squares df Mean Square F Sig. 
Tunneling(cm) Between 
Groups 
378.212 5 75.642 1.039E3 .000 
Within Groups .873 12 .073   
Total 379.085 17    
Mortality Between 
Groups 
756.667 5 151.333 31.674 .000 
Within Groups 57.333 12 4.778   
Total 814.000 17    
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14. Analysis of variance for foraging behavior and percent mortality in indoxacarb 
treated sand 
 
  Sum of 
Squares df Mean Square F Sig. 
Tunneling(%) Between 
Groups 
22379.192 5 4475.838 1.039E3 .000 
Within 
Groups 
51.677 12 4.306 
  
Total 22430.869 17    
Mortality(%) Between 
Groups 
18916.667 5 3783.333 31.674 .000 
Within 
Groups 
1433.333 12 119.444 
  
Total 20350.000 17    
 
 
15. Analysis of variance for percent termite following trail  for indoxacarb 
 
  Sum of 
Squares df Mean Square F Sig. 
Left or reversed before 
4cm 
Between Groups 61428.571 6 10238.095 6.935 .000 
Within Groups 93000.000 63 1476.190   
Total 154428.571 69    
Left or reversed before 
8cm 
Between Groups .000 6 .000 . . 
Within Groups .000 63 .000   
Total .000 69    
Left or reversed before 
12cm 
Between Groups 1428.571 6 238.095 .833 .549 
Within Groups 18000.000 63 285.714   
Total 19428.571 69    
Total left or reversed  Between Groups 51714.286 6 8619.048 4.982 .000 
Within Groups 109000.000 63 1730.159   
Total 160714.286 69    
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16. Analysis of variance for time taken by termite to complete the trail  for 
indoxacarb 
 
  Sum of 
Squares df Mean Square F Sig. 
Time taken for 
completing 4cm 
Between Groups 903.221 6 150.537 14.257 .000 
Within Groups 612.414 58 10.559   
Total 1515.634 64    
Time taken for 
completing 8cm 
Between Groups 2138.343 6 356.390 35.121 .000 
Within Groups 507.374 50 10.147   
Total 2645.716 56    
Time taken for 
completing 12cm 
Between Groups 4253.396 6 708.899 37.912 .000 
Within Groups 897.524 48 18.698   
Total 5150.920 54    
 
 
17. Analysis of variance for speed of trail following termites for indoxacarb. 
 
  Sum of 
Squares df Mean Square F Sig. 
Speed after 4cm Between Groups 3.317 6 .553 20.302 .000 
Within Groups 1.580 58 .027   
Total 4.897 64    
Speed after 8cm Between Groups 3.860 6 .643 27.144 .000 
Within Groups 1.375 58 .024   
Total 5.235 64    
Speed after 12cm Between Groups 3.504 6 .584 29.869 .000 
Within Groups 1.095 56 .020   
Total 4.599 62    
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18. Analysis of variance for deterrence of chlorfenapyr after 1 week.  
 
  Sum of 
Squares df Mean Square F Sig. 
con_contr Between 
Groups 
238.578 7 34.083 18.275 .000 
Within Groups 29.840 16 1.865   
Total 268.418 23    
cons_trt Between 
Groups 
178.598 7 25.514 16.934 .000 
Within Groups 24.107 16 1.507   
Total 202.705 23    
 
 
19. Analysis of variance for deterrence of chlorfenapyr after 2 weeks.  
 
  Sum of 
Squares df Mean Square F Sig. 
cons_cnt Between 
Groups 
2048.953 7 292.708 82.298 .000 
Within Groups 56.907 16 3.557   
Total 2105.860 23    
cons_trt Between 
Groups 
2138.660 7 305.523 139.217 .000 
Within Groups 35.113 16 2.195   
Total 2173.773 23    
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20. Analysis of variance for transfer rate of chlorfenapyr 
 
  Sum of 
Squares df Mean Square F Sig. 
% Donor 
mort 
Between 
Groups 
29216.000 5 5843.200 3.287E3 .000 
Within Groups 32.000 18 1.778   
Total 29248.000 23    
% Recp mort Between 
Groups 
18838.000 5 3767.600 277.938 .000 
Within Groups 244.000 18 13.556   
Total 19082.000 23    
% Missing 
Dead Donors 
Between 
Groups 
6145.852 5 1229.170 6.825 .001 
Within Groups 3241.668 18 180.093   
Total 9387.520 23    
 
 
21. Analysis of variance for foraging behavior and mortality in chlorfenapyr treated 
sand 
 
  Sum of 
Squares df Mean Square F Sig. 
tunneling(cm) Between 
Groups 
305.416 6 50.903 130.202 .000 
Within Groups 5.473 14 .391   
Total 310.890 20    
Mortality Between 
Groups 
1001.619 6 166.937 140.227 .000 
Within Groups 16.667 14 1.190   
Total 1018.286 20    
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22. Analysis of variance for foraging behavior and percent mortality in chlorfenapyr 
treated sand 
 
  Sum of 
Squares df Mean Square F Sig. 
Percent 
Tunneling 
Between Groups 18071.964 6 3011.994 130.202 .000 
Within Groups 323.866 14 23.133   
Total 18395.830 20    
Percent 
Mortality 
Between Groups 25040.476 6 4173.413 140.227 .000 
Within Groups 416.667 14 29.762   
Total 25457.143 20    
 
 
23. Analysis of variance for percent termites following trail  for chlorfenapyr 
 
  Sum of 
Squares df Mean Square F Sig. 
Left or reversed before 
4cm 
Between Groups 34833.333 5 6966.667 4.324 .002 
Within Groups 87000.000 54 1611.111   
Total 121833.333 59    
Left or reversed before 
8cm 
Between Groups 3333.333 5 666.667 1.059 .393 
Within Groups 34000.000 54 629.630   
Total 37333.333 59    
left or reversed before 
12cm 
Between Groups 833.333 5 166.667 1.000 .427 
Within Groups 9000.000 54 166.667   
Total 9833.333 59    
Total left or reversed  Between Groups 25333.333 5 5066.667 2.400 .049 
Within Groups 114000.000 54 2111.111   
Total 139333.333 59    
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24. Analysis of variance for time taken by termite to complete the trail  for 
chlorfenapyr 
 
  Sum of 
Squares df Mean Square F Sig. 
Time taken for 
completing 4cm 
Between Groups 740.075 5 148.015 20.453 .000 
Within Groups 267.759 37 7.237   
Total 1007.834 42    
Time taken for 
completing 8cm 
Between Groups 1666.272 5 333.254 24.163 .000 
Within Groups 455.135 33 13.792   
Total 2121.407 38    
Time taken for 
completing 12cm 
Between Groups 2527.265 5 505.453 25.416 .000 
Within Groups 636.393 32 19.887   
Total 3163.658 37    
 
 
 
25. Analysis of variance for speed of trail following termites for chlorfenapyr 
 
  Sum of 
Squares df Mean Square F Sig. 
Speed after 4cm Between Groups 1.152 5 .230 14.251 .000 
Within Groups .598 37 .016   
Total 1.750 42    
Speed after 8cm Between Groups 1.288 5 .258 16.240 .000 
Within Groups .523 33 .016   
Total 1.811 38    
Speed after 12cm Between Groups 1.101 5 .220 13.370 .000 
Within Groups .527 32 .016   
Total 1.628 37    
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26. Analysis of variance for deterrence of imidacloprid after 2 weeks.  
 
  Sum of 
Squares df Mean Square F Sig. 
Consumption 
control 
Between Groups 38.464 4 9.616 8.647 .002 
Within Groups 13.345 12 1.112   
Total 51.809 16    
Consumption 
treated 
Between Groups .617 4 .154 .980 .454 
Within Groups 1.889 12 .157   
Total 2.506 16    
Percent Mortality Between Groups 8881.132 4 2220.283 4.456 .017 
Within Groups 6477.438 13 498.264   
Total 15358.569 17    
 
 
 
27. Analysis of variance for transfer rate of imidacloprid 
 
  Sum of 
Squares df Mean Square F Sig. 
%Donor mortality Between Groups 389.667 4 97.417 .797 .552 
Within Groups 1345.333 11 122.303   
Total 1735.000 15    
%Recipient mortality Between Groups 5829.333 4 1457.333 4.603 .020 
Within Groups 3482.667 11 316.606   
Total 9312.000 15    
%DonorDeadMissing Between Groups 861.459 4 215.365 3.055 .064 
Within Groups 775.427 11 70.493   
Total 1636.887 15    
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28. Analysis of variance for foraging behavior and mortality in imidacloprid treated 
sand 
 
  Sum of Squares df Mean Square F Sig. 
tunneling(cm) Between Groups 395.043 5 79.009 4.904E3 .000 
Within Groups .193 12 .016   
Total 395.236 17    
Mortality Between Groups 673.333 5 134.667 27.545 .000 
Within Groups 58.667 12 4.889   
Total 732.000 17    
 
 
 
29. Analysis of variance for foraging behavior and percent mortality in imidacloprid 
treated sand 
 
  Sum of Squares df Mean Square F Sig. 
percentTunneling Between Groups 23375.312 5 4675.062 4.904E3 .000 
Within Groups 11.440 12 .953   
Total 23386.752 17    
PercentMortality Between Groups 16833.333 5 3366.667 27.545 .000 
Within Groups 1466.667 12 122.222   
Total 18300.000 17    
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30. Analysis of variance for percent termite following trail  for imidacloprid 
 
  Sum of 
Squares df Mean Square F Sig. 
Left or reversed before 
4cm 
Between Groups 66833.333 5 13366.667 13.124 .000 
Within Groups 55000.000 54 1018.519   
Total 121833.333 59    
Left or reversed before 
8cm 
Between Groups 1333.333 5 266.667 .800 .555 
Within Groups 18000.000 54 333.333   
Total 19333.333 59    
left or reversed before 
12cm 
Between Groups 833.333 5 166.667 1.000 .427 
Within Groups 9000.000 54 166.667   
Total 9833.333 59    
Total left or reversed  Between Groups 51333.333 5 10266.667 9.900 .000 
Within Groups 56000.000 54 1037.037   
Total 107333.333 59    
 
 
 
31. Analysis of variance for time taken by termite to complete the trail  for 
imidacloprid 
 
  Sum of 
Squares df Mean Square F Sig. 
Time taken for 
completing 4cm 
Between Groups 10444.620 5 2088.924 472.096 .000 
Within Groups 185.841 42 4.425   
Total 10630.461 47    
Time taken for 
completing 8cm 
Between Groups 22263.890 5 4452.778 1.388E3 .000 
Within Groups 125.114 39 3.208   
Total 22389.004 44    
Time taken for 
completing 12cm 
Between Groups 35357.919 5 7071.584 754.757 .000 
Within Groups 356.035 38 9.369   
Total 35713.954 43    
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32. Analysis of variance for speed of trail following termites for imidacloprid. 
 
  Sum of 
Squares df Mean Square F Sig. 
Speed after 4cm Between Groups 3.536 5 .707 78.733 .000 
Within Groups .368 41 .009   
Total 3.905 46    
Speed after 8cm Between Groups 4.242 5 .848 97.483 .000 
Within Groups .339 39 .009   
Total 4.581 44    
Speed after 12cm Between Groups 3.871 5 .774 85.518 .000 
Within Groups .344 38 .009   
Total 4.215 43    
  
 
33. Analysis of variance for dose response of hexaflumuron and H. indicola. 
 
MortCorr      
 Sum of Squares df Mean Square F Sig. 
Between Groups 12407.685 5 2481.537 39.504 .000 
Within Groups 1130.709 18 62.817   
Total 13538.394 23    
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34. Analysis of variance for deterrence of hexaflumuron after 1 week.  
 
  Sum of 
Squares df Mean Square F Sig. 
consCW1 Between 
Groups 
63.319 5 12.664 6.047 .002 
Within Groups 37.696 18 2.094   
Total 101.015 23    
consTW1 Between 
Groups 
225.307 5 45.061 47.114 .000 
Within Groups 17.216 18 .956   
Total 242.523 23    
 
 
35. Analysis of variance for deterrence of hexaflumuron after 2 weeks.  
 
  Sum of 
Squares df Mean Square F Sig. 
consCw2 Between 
Groups 
226.100 5 45.220 4.582 .007 
Within Groups 177.645 18 9.869   
Total 403.745 23    
consTW2 Between 
Groups 
966.925 5 193.385 25.683 .000 
Within Groups 135.535 18 7.530   
Total 1102.460 23    
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36. Analysis of variance for deterrence test mortality after 2 weeks with 
hexaflumuron.  
 
Percent Mortality 
     
 
Sum of Squares df Mean Square F Sig. 
Between Groups 
19377.677 5 3875.535 91.361 .000 
Within Groups 763.562 18 42.420   
Total 20141.240 23    
 
 
 
37. Analysis of variance for transfer rate of hexaflumuron 
 
  Sum of 
Squares df Mean Square F Sig. 
% Donor Mort Between Groups 22445.714 6 3740.952 69.769 .000 
Within Groups 1126.000 21 53.619   
Total 23571.714 27    
% Recep Mort Between Groups 11643.429 6 1940.571 43.353 .000 
Within Groups 940.000 21 44.762   
Total 12583.429 27    
% Donor 
Missing 
Between Groups 6587.052 6 1097.842 .927 .496 
Within Groups 24857.420 21 1183.687   
Total 31444.472 27    
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38. Analysis of variance for foraging behavior and mortality in hexaflumron treated 
sand 
 
  Sum of 
Squares df Mean Square F Sig. 
Total 
Tunneling 
Between 
Groups 
459.852 5 91.970 114.565 .000 
Within Groups 9.633 12 .803   
Total 469.485 17    
Mortality Between 
Groups 
878.000 5 175.600 35.120 .000 
Within Groups 60.000 12 5.000   
Total 938.000 17    
 
 
 
39. Analysis of variance for foraging behavior and percent mortality in hexaflumuron 
treated sand 
 
  Sum of 
Squares df Mean Square F Sig. 
Percent 
Tunneling 
Between Groups 27210.158 5 5442.032 114.565 .000 
Within Groups 570.020 12 47.502   
Total 27780.178 17    
Percent Mortality Between Groups 21950.000 5 4390.000 35.120 .000 
Within Groups 1500.000 12 125.000   
Total 23450.000 17    
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40. Analysis of variance for percent termite following trail  for hexaflumuron 
 
  Sum of 
Squares df Mean Square F Sig. 
Left or reversed before 
4cm 
Between Groups 5428.571 6 904.762 .781 .588 
Within Groups 73000.000 63 1158.730   
Total 78428.571 69    
Left or reversed before 
8cm 
Between Groups 1428.571 6 238.095 .333 .917 
Within Groups 45000.000 63 714.286   
Total 46428.571 69    
left or reversed before 
12cm 
Between Groups 1714.286 6 285.714 .667 .677 
Within Groups 27000.000 63 428.571   
Total 28714.286 69    
Total left or reversed  Between Groups 1714.286 6 285.714 .142 .990 
Within Groups 127000.000 63 2015.873   
Total 128714.286 69    
 
41. Analysis of variance for time taken by termite to complete the trail  for 
hexaflumuron 
 
  Sum of 
Squares df Mean Square F Sig. 
Time taken for 
completing 4cm 
Between Groups 44.649 6 7.441 1.420 .224 
Within Groups 282.921 54 5.239   
Total 327.570 60    
Time taken for 
completing 8cm 
Between Groups 129.974 6 21.662 2.082 .072 
Within Groups 509.860 49 10.405   
Total 639.834 55    
Time taken for 
completing 12cm 
Between Groups 147.986 6 24.664 1.114 .369 
Within Groups 1018.046 46 22.131   
Total 1166.032 52    
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42. Analysis of variance for speed of trail following termites for hexaflumuron 
 
  Sum of 
Squares df Mean Square F Sig. 
Speed after 4cm Between Groups .382 6 .064 1.308 .270 
Within Groups 2.628 54 .049   
Total 3.010 60    
Speed after 8cm Between Groups .378 6 .063 1.730 .134 
Within Groups 1.785 49 .036   
Total 2.163 55    
Speed after 12cm Between Groups .283 6 .047 1.274 .288 
Within Groups 1.705 46 .037   
Total 1.988 52    
 
 
 
43. Analysis of variance for dose response of lufenuron and H. indicola. 
 
CorMort      
 
Sum of Squares df Mean Square F Sig. 
Between Groups 
3451.677 5 690.335 6.144 .002 
Within Groups 2022.354 18 112.353   
Total 5474.030 23    
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44. Analysis of variance for deterrence of lufenuron after 1 week.  
 
  Sum of 
Squares df Mean Square F Sig. 
ConCw1 Between 
Groups 
184.140 5 36.828 4.145 .011 
Within Groups 159.938 18 8.885   
Total 344.078 23    
ConTw1 Between 
Groups 
389.849 5 77.970 12.984 .000 
Within Groups 108.094 18 6.005   
Total 497.943 23    
 
 
45. Analysis of variance for deterrence of lufenuron after 2 weeks.  
 
  Sum of 
Squares df Mean Square F Sig. 
consCw2 Between 
Groups 
1273.334 5 254.667 4.050 .012 
Within Groups 1131.787 18 62.877   
Total 2405.121 23    
consTw2 Between 
Groups 
1443.802 5 288.760 14.876 .000 
Within Groups 349.412 18 19.412   
Total 1793.214 23    
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46. Analysis of variance for deterrence test mortality after 1 week with lufenuron.  
 
  Sum of 
Squares df Mean Square F Sig. 
PercntDeadW1 Between 
Groups 
1821.302 5 364.260 13.647 .000 
Within Groups 480.438 18 26.691   
Total 2301.740 23    
PercntDeadW2 Between 
Groups 
27280.000 5 5456.000 1.798E3 .000 
Within Groups 54.625 18 3.035   
Total 27334.625 23    
 
 
 
47. Analysis of variance for transfer rate of lufenuron 
 
  Sum of 
Squares df Mean Square F Sig. 
% Donor Mort Between 
Groups 
18294.857 6 3049.143 92.532 .000 
Within Groups 692.000 21 32.952   
Total 18986.857 27    
% Recipient 
Mort 
Between 
Groups 
6883.429 6 1147.238 60.838 .000 
Within Groups 396.000 21 18.857   
Total 7279.429 27    
% Donor 
Missing 
Between 
Groups 
7355.644 6 1225.941 5.736 .001 
Within Groups 4488.211 21 213.724   
Total 11843.855 27    
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48. Analysis of variance for foraging behavior and mortality in lufenuron treated 
sand 
 
  Sum of 
Squares df Mean Square F Sig. 
mortality Between 
Groups 
1800.667 6 300.111 525.194 .000 
Within Groups 8.000 14 .571   
Total 1808.667 20    
total 
tunneling 
Between 
Groups 
553.086 6 92.181 85.090 .000 
Within Groups 15.167 14 1.083   
Total 568.252 20    
 
 
 
 
49. Analysis of variance for foraging behavior and percent mortality in lufenuron 
treated sand 
 
  Sum of 
Squares df Mean Square F Sig. 
prcntTunlg Between 
Groups 
32726.965 6 5454.494 85.090 .000 
Within Groups 897.436 14 64.103   
Total 33624.401 20    
prcntMort Between 
Groups 
45016.667 6 7502.778 525.194 .000 
Within Groups 200.000 14 14.286   
Total 45216.667 20    
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50. Analysis of variance for percent termites following trail  for lufenuron 
 
  Sum of 
Squares df Mean Square F Sig. 
Left or reversed before 
4cm 
Between Groups 2857.143 6 476.190 .441 .848 
Within Groups 68000.000 63 1079.365   
Total 70857.143 69    
Left or reversed before 
8cm 
Between Groups 3428.571 6 571.429 .837 .546 
Within Groups 43000.000 63 682.540   
Total 46428.571 69    
left or reversed before 
12cm 
Between Groups 1428.571 6 238.095 .833 .549 
Within Groups 18000.000 63 285.714   
Total 19428.571 69    
Total left or reversed  Between Groups 5428.571 6 904.762 .483 .819 
Within Groups 118000.000 63 1873.016   
Total 123428.571 69    
 
 
51. Analysis of variance for time taken by termites to complete the trail  for lufenuron 
 
  Sum of 
Squares df Mean Square F Sig. 
Time taken for 
completing 4cm 
Between Groups 16.682 6 2.780 .461 .834 
Within Groups 331.439 55 6.026   
Total 348.121 61    
Time taken for 
completing 8cm 
Between Groups 93.729 6 15.621 1.143 .352 
Within Groups 683.471 50 13.669   
Total 777.200 56    
Time taken for 
completing 12cm 
Between Groups 114.853 6 19.142 .764 .602 
Within Groups 1203.072 48 25.064   
Total 1317.924 54    
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52. Analysis of variance for speed of trail following termites for lufenuron. 
 
  Sum of 
Squares df Mean Square F Sig. 
Speed after 4cm Between Groups .174 6 .029 .549 .768 
Within Groups 2.900 55 .053   
Total 3.074 61    
Speed after 8cm Between Groups .261 6 .043 1.006 .432 
Within Groups 2.161 50 .043   
Total 2.422 56    
Speed after 12cm Between Groups .246 6 .041 1.104 .374 
Within Groups 1.785 48 .037   
Total 2.031 54    
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